JjjyJl Ukl! 



JLJfcl! j JL* dill fciJL. 




DNA Jl l-^-J.L" jl £_o jl g : <, l^jsj^ o^L>^> ^_Lp J^j^J 

oJbtLa obJLSJl i; ji5 j! ^-L-jjl^Ij (Cloning) <uj jlij (Recombinant DNA) 
^Jlp 4j^j>J| iJlijJl J^ojL^J V^S t (Multicellular organism cloning) L>*>LiJl 
4_p1jJ JL>^>j (Microbiology) Ajj^^Jl *L^^/I jJlp JL>^> ^ < _ s ^j. ol 
JL>^«J| ^ UAj! 4j^>JI ijUjJl ^L_«_aI ^jJl^Xj L.-S' (Cell culture). L>*>L>Jl 
obi .,<■? o-S' j-JLLxJl ^l^-jj J-r*^' ^-^J 4_p1j_v=> ^ c jJl : ./? \\ 

t (Bioprocessing) <jj_>JI iijl>o^M oUu-xJl ^J}\yj i>=Jl i^-jJ^Jl 
(_jiL^Jl j^Jl IJla jj Uk5 .^jj^>JI <uliJJ JILLS' <U 3 jiij dAJJb 1 .lam 
^jJlp o^JlS' aJu_p ilia! ^jluoj t4j^>Jl oLjJLJI JJs L^-Jlp c~Jb yJl ^Jj^I 
^f^j (Substrate) <>UJl aJj^I oLJl UMJaJl i5_pL_<Jl oJla J ..1?" ^Li^ 

IJla S*ly dJJJJ .^^AJiLS'Sfl JU^JI jLWl (»jJl*JI ( ?<_^j L> 

^J^Ulj tjlJUjI ^ .yJo.LxJl ^J-iJlj ^^UaJJ "ojj^ J^UJl ._jL£J| 

Jlj L> 4j^J tJLpU^ jj-~Jjjj t (Colin Ratledge) ^-JljIj j-S' Jl™Jl 
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LS Ji*\ <^-~~>- (Hull) Jjb 5jwU- ^ *L^^I » jIp J ^ Lw«Jlp UaLlj ^jUj 

^3 oLsJS- ^Jblj j j jJl JLaJ . j j-jjJjJlj tl~>t-Jl LsLt- ^j-joj! ill ^3 

Food Al^J <l»J {y3 t3-b><JUJl <^5sJu^Jl ^ i;j->Jl iiliJl ob~A n-£uu* 

Biotechnology and Biological Sciences ! £_;L^_Jl Research Grants Board 

oLS'j.j. (_5jJ ljLli—^> ^jJjIj jj-^ijj^Jl J^>-*-j Lo-S' t Research Council. 

(J ~J J Jl i.. ./? 'wa (Bjorn Kristiansen) j-^JLjl^j.S' Jjj-^j «Jl J^-^d 
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tfUjlUl <XjlA^}\ SLoJuclo 



Cj\ Ja JiJ .< )Lx£sJl IJl^J ^Jj^M ^LnJaJl ULp jLs- ixjjl ,_Jl y- 

4_jJtL3 .iij_^>tj| iiULJl JUt^ ^ Ij^tS ol^-JiJj Cj\jj]a5 ol jJ™Jl idlij J *>Vi>- 

oLlJLjJI civa^> J, Vf^ j cJi*l ^Jl t JliJl J™- Jlp DNA Jl k_~jt" 
.iLJL>Jl 4j_^-j>JI SJLSjJI jlSjl ^1 ye oJl^lj j^l t ( _ r viLJl j ^iJl ^yi 

4jLp jJLj 4JLb«JLa jv-^aLLi ^^Ju" ^Ji\ JU^Jl IJla ^y JjbJuJl jjJajJl (_£•>! JLaJj 
Li oJUJLp olw ^Jj J"^ <_?H <*-^i-k?«-^ ^Lxidl tiUj Oil i ./?ll 

to^JjJl oJla ^jJlp j»JLiJl j^JU-l U li^j .JJs yj JUl ^jJlp jJajkJ ( _ ? ^~ cJlS' 

5_iLp oljjJaJj ol^_J<J J j ./? >- 4-LJL«Jl Lal_P ^-jj^l ,__s-9 

(Human j-lJl ^yy>J>\ £j jJl^S SJUJLp ^jLiL^ J ,,h a i kiUij ti-^-AVl 
^1 ^Vl (jc^^ ^ ^ ^p*?* - Jli*Jl Jcr~" Genome Project) 

JojJ>J if-ljJl ^jIp JLoJj«J Ifjlj t^L^L^I AS y^Jl\ [£i\yj jv^aLLJ (^s^-s-P 

^Jl^JI jl5 dUJJ .iiiS' Lg_L51 j J j-^l (*-^^ -V*-* ^—L-Vl jj«-Jl 

^y oLaJli>- <LoIjj ilj^i ^bojj \ ./>" <. ^ji™- j ijj^>tJl aJULJI ya ^gjjijj^Jl 
.JjjJaJl jv-L-lj <cS^a_a iaK JiL tiJUij to^U^Jl t_ik>^ 

^L^NI jl Ajjii^lj DNA Jl <~~i\i> -L^Jl ^UJl fUial j-^a^i N 

^ A „ 4_J.iU-J 4 W . ,., , i\ y ^IxjJ ^y 4_JJ_^>J| iiLilil cJujtl^il Jlili C (_£j_L><JI 

t^jJJlj t ( j->JLS' j^jicjJl ^y^l 5jJLP > yij tj~>Jlj o^^Jlj tkiJj^x~Jl 

4j jJlo j^p 4a. jJ jvjJLaJo Lvijl C~oJIa| ' ' ' ^iy^- 1 ^ oliLvi^j 

.4^uJl J^LL<Jlj oLLiJl «i>Jlj<^J «uJl^ J jJi^ j-i^oj c isJliil 4^iJ!>U JL-^^S' 
(_giL>Jl jjJjJl ^ j-JLiLiJ jv-aI (^-i^J (_£-» ij^j>Jl iJLijJl t4_v5*>L>Jlj 



. (Nanotechnology) i^jUl Z\jci\ ^y ijWl ilUJl (•:!:■) 
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4-jULjl jj-^ JjJLxJJ <tJL*3.>J 4_J 5 jJij i jLx5\J| IJlA jj 

i ys>- o-Xft £-J>J 'U/LS' ^yl-f- ^Ita^/I ,jvaj<-> (j^i <. <bj->Jl 

j; .,^->o J-«-*Jl tiUJu j»L-aJl i— J ij t ^LJ^M oL^Jlp JJj j£- J^j>t^™<Jl 
U-^i ^J^-*- 3 t)' dr^ 01 ' ill-ail I ^ji ^j-^^U J^i->j J^L«i l — ivj 

J^a_4_> jj_Jl ^1 ^jS/l Ln-JaJl c^-^ ^JJl ti3j_L j j^- (John Bulock) 
la-. W -k^JL !ju jJ iSj-L j jli 1 1996 j»lp <Clij ju^p .ojI^-^Jj o.>j-£j- 

^yi j jli' .i-jliJl 4-n-JaJ I j»Jo ^ySJ oliaJ^ ^Jls- j*^~-> b\j c<U IJLj U 

<Jj tJ;-<>^ (vjL*-^ Lo^li ^ tAj^^-^Jl iiLidJ ^j^*Jl*J\j ^yy^^c^Jsl 
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aUUJl 2txda3l 2uJtiL4 



las^™J jl 4j_j~>JI iiUill oL>LjiaI jil jl .L$jji ^^iLkJlj oLUJl 

AiJliJl i*JaJlj SJliJl 4j«JaJl ^jjj ijjiJl LqJ^j t UU- jJlp 4jyjl ^ <LjL*Jl i*JaJlj 
(Molecular biology) aJjj^JI *L^Vl jJlp JL>^5' kihJ>^> o^Uj ^ 4^_<Jl 
4_jLjJ| L>*>L>Jl i^ljjj ijj-^-^Jl ^Lw^Vl j»_Lp -Ljw; ^s-Lp j»JlLJ ^ lilii 

^Ip ^LvaJl j C-3»J| jyJjJl JUmJI ^ oOjIj ^UJl j yiJl (V> J j VI L_is<aJl 
1 4_^>r ,/? ll oLaJL>Jl jvjJLajli ijj^>tJl ULLJl ^-«jl~J j! £3 jJLj dUJJ . -J-?- 

^3 "L^iL-Vl oljjJaJl ^ jjy t— >LSLI| IJlA £jA 5JbJL>Jl 4-n-JaJl C^oJLaI 
jt-g-aJ ojj^vi J^Sv-Lj La i <LLw*JJJfcj jvJlxJI IJL^J ^L^iL^Vl (_gil_woJlj jv-^aLLoJI 

ol L. . kxJl Jl_p^>i diJj-S'j 1 5JlijJl oi_A j_giL_aj 

t5ji»-Vl Jj all <U«j>-ljji UAjI 0^>J Lki' .iiLilll oJuk ( _ 5 Lp oJ^oj^Jl «UlLL>t^JI 
.3JbJL>Jl oljj lalll "US'! j^J L«iL>-l>o J^-l y (J-^o-^J (j— 8 ' 5 (J^-™ 1 
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0-;->- t L™~j 4-Lg_o) OjIJs ^jj ^jsx-oJi Ilia g a jj g "Q j J^-yij jv^JLx-IjI jv-^J 
jlj i^sU- tixJaJl ( _ ? i5Ll]| ^-I^^M jj;—^ ^ oij^>-j ojlj-^lj 
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19 j. — 

I 

23 .^1 .(yr 4i^-> 

59 ^~o : j jljS ^^VIoLUpj 

113 -i>>- <jjj*~ iJ^*^i> 

143 cjLj JJl j jjj jU jJjS' (o^jjIS'j ^Jl) 51 

jJUjJJJ JJIj^I S-UigJI : j--"^' J-^l 

273 j j™^ J*^ <L/> _yi jJL| 4j_j~U oLJujJI J-S' : ^jLJI J~a«3I 

313 (^—wr i— o^UUll ^...■>, l ^." : ^1 11 J-AaJI 
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343 jUj^ dh* J123I : y>&\ J^aill 

371 tr ~J>1 J^jU (5-SI oLLJI) 

(j-^j j-*^ -^j c {j^^j^ 

421 ^j"!Aj j~» y. ■ ■ ■ ■ * J 3 ? 11 j i>-JuJI j SJI^llj (j-UiJI : ^-iUJl J-a«JI 

453 ^^JLx™; ^5 jjjjj 4-JLjJI oLjl*ayl : (jjU-l J-a«JI 

II *>aJI 
h . I <.» I I a . »U" I I 

479 tijLp j jJIpL y t £jo t j J Lx~> . . . IJujJJ Jill 

505 JjLL]^ j j^jj 0 *d^~^-' JJLfcJl ieb^s : j-i* *iJli]l JwaiJI 

547 J jjLs jAo t ^J^l - J j^^Vl : >5* jJl J-aill 

591 liljLS' Ix^iJ j li-L^i-jjS jLx™j ^5 . *j_j-a«JI ^L?-"^! : j-i* L ^~«li-I JwaiJI 

627 j-^™J!j t ^ j 1 j~«^>- Sj^ill LAi-l 

663 Cj ^Jujj jjLjjj Jjli i_~Ls .... <L~JI oUL-kJI : j-i* ^LJI J>.^.ajl 

711 Ijj y> <thji3 <4_j~M oIjLao ^bil : j-i* J^ajl 

745 ^jjjiil i-jjJjl- t j-jLo ^jJl ol~>t-jl^u«l : ^.bJl J».a*)l 

773 15^ .j» ^JJI j fij&d i> j-J-l £&JI : jj yUJI J*aiJI 

807 ( _ 5 ~-j jS^ . t-j i»_£JI *JIp 4j_j-ilil oLj _j^JI : j_j j-i*Jl _j jLp-I _^Jl J-Aa)l 
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847 Ojjj* . ( _ s ?- ^i^ 1 ^-' '- J W-^b 

889 ^yj jjj^s Cj ^jjj y 5 * 1 ^ *k?s^*' *i^J' ■ qj j-ij<JI j dJlill JwaiJI 

939 jjJjU^i jj^o ^^^1 Jj_ptJl oLJL* : ojj*^h J-^' 

J'^^ -u- •(* p^^J 

1025 4)*>\S dLU 2LpU1I vV^ 1 oli-JaJI : jj yuJI j ( _ J oUH J^aill 

1073 (^g ^Jl>mI — .J ^yp) oL»jLk.^.U lJ 

1141 _ (- 5_) f Ujl) oL>Jlk*all 

1209 
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(<j jJuoj 



j^>_JJ 15 y>^° is j-*-<Jl <lJ c~^~^l j p ^j^jJI j_gjliU i>jJjl 

iwiJ_i jjL^jJL; <lL-J_»J| oi_A jJLJ ^jjLjj t ( _^_ajJlj (_g^l ^3 : sVl 
iXs- 4~Ju jlisj <_jS ^.iij t <u_>- ^jJJ i_i jj«Jl <u oJlj tuxidlj j» jJuJJ JjJj<-JI 

_»1428 (^LjjJI ^ jl!*j_JI ^jjJl i*Ul j-oJj-J ^LJJl jLJl '-^^ 

lL^JI iiJ j j^o b\j tij^jJl ijJJL j»U>JLA^I ojjjwi -^J-i c5-iJl j>2007 

^ ijj^Jl 4_iJJl j J-^P- • ( _ 5 J-J La ( _yLS' ( _K 2 -' l --~ > " 0*>LaL«-<Jlj ^yJ^Jl 

.(Lt^j cJ^j^/lj tj»*>lp^lj tjLvaj^l JjL^j diJi ^ L»j i^jLaJI 
^1 iijj<— Jl i^jjJl iS0u-*Jl ^ dJLiiJlj j> jIjJJ ijisjJl ixL™]|» : LJli 

tjLrJlj Jj^r-Jlj ' oL_«Jl • <UjjJ o^JLp (_gJb^J iU>J^p| 1 P tj~-^ 

<uiijj t ij^>Jl i(jJLJl) jJ» *aJl <lj&L\^<JI oL_LLJlj t oLoL-a^Sj^Jlj 

t • a llj *Lvi_aJlj t oLjSj) yfl ilj O^/LvajNlj oLJjjJL^UNlj t oLaj_Lx_oJl 

.ijJlj t iaJjluJl ilj^Jlj iSSUaJlj 

^ *L>- U LsAj! jiij t _ s xJl ^y^l <_£ _^>^>JJ *vJL3 1 \~s- dJJuJl Sj.>L-a : UJli 

4J^-LiJj t Ij^JJ (J^ - * 1 ^ J*- 1 ^ iS J^^-oJl «C_q_9jJ J^LxJj La ^jjLi^oJl 

t «LwaJu<Jl <u^L>oj t iaLgJl k_^xS\Jl «u->-^j (j-LsCo La L^JLaj tcJjiiNl <i$L-i ^yLp 
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.JLoia ^iU jv-Lxj ^jjjjJl J_£jli!l ^bjjj t— «U> _yt!l 

4-xL™Jl» L^JiJb^ ^1 oLJiII ^» JS i-^S ( _ j 1p <LJl~JI Ju>ju1j 

L-aJlp Lx^- j-o (JjVl Oj-S^J '— ^-SCJ 1 O^JL^Ij ,((2LL/LJ|j a jJuJJ 4_jijJl 

l) jj^Ajj 4j*>C <LP j-o^a Lo (^^^ 4-«AiL<Jlj <L->t-Jl j^—Nl oLjJLJl k—JLS' iL~Lx 
4_J_iJlj <u_«Ju<Jl oL>cJ la ./? <JJ s j£*j> ^Vj>\ i_jllS' ?- Lo.S' t L*^- LlxS' 

al_P Juo jJLvs J-S <ulj iL-«JIp t g I 1 g ■*■ « ^j-jlJj-oJj t 4_jJLj| dUu ^ k_JLS\Jl 

0j£> N jlj 1 2000 
I l^lj t( ^>-l Ik] 

<i_P^-o->=-o-l I oj_A jj J i o-L**_*» <LJLiJl_j a^J-*-U Jj^*J I Jup dlLJI 




I jup dlLJl ojlo ^ j^^j 

_a 1431 /3 /20 
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Basis and Fundamentals 



21 



22 



a^i\ 'urn f udt j^j 

Public Perception of Biotechnology 

J. E. Smith ('-\\<yu< 
University of Strathclyde - UK S-Ja^l jj^I jLm Ax^U. 



Introduction <L».ijL»]| 1.1 

Aj-aLk i J-laJI j dlLujallall (j-o JJJ^II JJJJ AjjJiJI 5jla!il] 4_ilLaJI oj!aj]| (j! 

4^La jilJ jJjJI jl (Genomic) 4j-a jija SI 4-UiiJ 4^aLi.j cAjj^aJI (jjjll 
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Ajllill jjiaj] aj^jjUII Ja,Ijx3I ts lc 9. _yJall *Lall j> V t(Proteomic) 

.Alnll j ejlaaSI j <c.|j^ll j L-Aallj ^fcl L all JLi-a (-3 ^La-j^l I&jjJj AjjjsJ! 
^g-a^yLuiSI cg .<u,>i.a]l 33 Ul jj j ijjLJVI J (jL^VI j tojJj]l£ 4slii-a dllcl 

ASii *U^VI o^a l$ja du>.iklml cisl&Lu-a (j-a t«]J ...(Salami) 

AjLlAa (j^lj '^}^ (J^-">J "La_j$ia ^lliVI ijj^)^ 3 (j) ' "'..'^ tAjAWi (_A La-a jaSI 

<j£3 ^5 (Biochemical) ^jj^JI <jjLia£1I c^lelaill SXyKj,. j *Lja.Vl si* 

Cllcli-all tilSj ^LaJVI Ajjfra all p-LaoH Jj-i i_sL£i£l (jl .3ijjsu« 

CllljjiaJ lillj tlllj . jjic. (jxsljl! j JjojC. £jLuill (jjiSI ^jfl Vj (J L ^ I g ' "V!"^ J 

(Jjiail (JjJaSl ^ .ielui La tAjjLiaJI pUajSIIj **JJ* 7* all f-ll^VI ^lc- ^ 

1 liLlui 4ij^>*-a]l tlllc.1 L all J£ ^gJj ( 'l.^-il . C1l51cIsj]| Lj 1 a j 4j.lll£ill <Lnj jaall 
j Aj2b!)L*JI CjUjjj^JI (j^i JJJ^J dll j AjjJ^ dlljL-a-a AjJ^ Cjlell^a 

(j<9 AajLjiSI AlLaV (j-a CS^ U' ^ 'J 1 aa ' . "* ' °j L$'^ J£&^ ^J^ - 

£-a!i^a]l (_g j)!1ul<i (jj ui^J ^-Sc- ^^Lusj (jjj^ila (J£ ujj ^&Lui La I 111 &1 *' 1 all 

jl 4j3 tiLi V La-a fisjJaoH CjI jioJI jJ AjjJaJI 4jliu]l <j* (Jlall I3j IjLal 

La J (rDNA) DNA — SI <-nJib CjUsj ^ a^U. j (Molecular biology) 

((jj-ael ^3 jj^a (jjjoijUlj eLaixJI (j^-aJ 4 1 1 (_^i]l tAjiiaJI AjlajlL ^>"'j .*< (j£-aJ 
AjiiaJI Sjllill (JiU. 

(jljj^j (jLoijj 4^Jjl^i.j dlLu) A alia a (j^i oi _a^La dll Jja 2-°-^ LuaJl (j^-aJ 

.Ajlkil AjjI jjll CjLa jL«-a]lj ^>*iLva]l t_lC-!>l!i]l ^IjILjj ( JllLall J^f" 1 i^^- 

Clljj-a ^jlc jla all DNA SI ,*Ja3 <^ajill LuL«J AjjJ^JI Ajlaills 

ijjljj^ jl CllLij ^1 jl _)^.l (jjl^ ^1 iLLaLalAV ojiLa AA»-a 

tJjl ■ aalt ^)JC. jl o^i.l_4SI ailt (j-<uia ^aJJ (jl (j^-aJ oi* Clll naJl 
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^1 <LajJJjjj]l j 4-La II (Jla-a ^ 4jJ.laJI till jjiadll (^.IjjJ jL] (jiajJSJ 
: La 

ojLa£ AjjV li > a~ 4-ia. jJjjlJ .il j-a \-^jl jj <J.lx-a]l CAjjl^ll at lalluil • 

. JllaJI Jjfuj Jic CjUlilll j (Insulin) jJ j^Vl 

. ^^jj jaJI L5 J^""^l oJ-laLLa O^l t— ilfuiVI j (JjujOM ^J' «a JJ j j=^3 • 

La-a (jLuuVI A^jaA J-al jjJ] (^ jjja SI) - Jill A JjoiLujII 4jJ • 

.£taj|j (JjJail ^Xc- (_><aj3 (j-a -^jj 

.AjjLL^j 4ijl jj (j^l jxV (Gene therapy) <rM*JI S_uaj jjjIij • 

£_£jLlxi jLaJC-lj tj^alj-aVI J^* 1 - ■'"'^ ^JjoiIj (_J^_jojI I ■ uJ i ill j (J-)^ 3 JA-?^ * 

. 4_1C-Li*a]l q 4_UJ \a 1 1 I ,JN - ft] c_Llil djLj *' Q "» 

(jlfr ^Ijjll (_Jj^Jt!ill Ajjail i . LkSla ilaS j lillij 4-jjl.liJI AjCjill jAmaj • 

.(Genetic modification) CjLuII 



diliVlj d]| jjjtaul -LajlLa 
Ajjlasllj <jjaijjjil| -LajlLa 
ajaimin AjIjI ^Li. jjj-atll JjjjjJI j e-Liillj dljjjll J^i Ajiill (_j j"^ a ,J (J^^*-^ 

(Lubricants) <*'•«■ M< all a jaJill j Ju.it II jj^l um j <-»U*,„M .11 ^iij 8 .Halt j 

J ' (3jj]| Acli-al tiUiS j 4 (Biodegradable) liKaill j JStll aLUII 

jj aa il j jjaJI AjCjj jlmaj] j I ' ajlalll 

^jic (JaxJIj t IfrLa S Ua a ^1 jjl jl (Herbicide) .V-VI lllljJia 4_ajlLa 
S^all ^yi <ia£ (Jsl (Jl ^ j y"u nlj t Jj - all J a jl i tail t ■ il i^r-Vl j-aj ^lo 4 g J Aliall 

.CIlJIjJI (jjlj jjA jll ^Iij Cluajjj tAlijjll ^-liijjl£ 'LojjAjj i— itaUilj ^^KjjjII jn»"ill 

. jL-aiJI AjiaC f.lijl Lgjl AS3_a JJ^JI jiu (j-a (JjlSHI 
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Oij^- 1 ^ .' ' "*,' (Jl ^ _Ai • ^*-} ^ ' a J t^lAi J-ill j jLolill g i iaj ^3 Clll JJ*J 

dljlS j^jll ^»Cjjj1I ■ - 'I J ■ '— a ^^Jc lAjLaJC.1 (JSJ ■ " U3 J i(J^juil IjjIjj aJ^x-oII (jjilaliajll 

. (j)j jijll CjIj j j jjJa ^j-a 

toJ jjjII j lojl j^Jl£ Igjl jjxjj (J^aljxll Ja j» i «a "LajlLo CAjLiill AjLla 'ijLjj 

.(Bioremediation) 4jjj=JI sIjIaJIj ji-aj la 

. jjVIS iAjdjjll ■ "'I aJUall j'-"^ jj^i AjjlJ uiajl 4 jam all jl_j^JI <UI jl 
.(jUajmN a J i <a<a31 jl j-a]l j AxSljll (jjlx^Jlj I - 11 j±atjjall 4ini S-jLjj 



P. J. Dale, "The GM Debates: Science or Scaremongering," Biologist, vol. 
47 (2000), pp. 7-10. 

DNA— SI u^-^ (Biosensors) ajjj=> ^.i^j CjI ji j JjLu j jjjIsj 
I^sjI jjj (j^a/tfl CiULac <jiJa j SjSl^al lilljj (DNA probes) »*jAj t-i jj»-all 

>r ^]l Ji.b (Metabolites) 

( !l JJXU1 jl DNA-ll J 

Ajjjll "La jlLa (JllLaJI (Jjfui t _ 5 lc- j£ii dl! jj/il! lilli j-aj iAjjjll 4 luia a o-lj-la. 
i_l£j^s (_£l jl (jij jjj ^tijj Jl " atiaJI 4-a jlLa jl AjjiasJI j AjjAaJI (j^al j^U 
Ajtsj J^U. <j* j£aJ La£ .(1 . 1 J j-lsJ lilli ^jlft 2LLaVl J^l) 4jxa! (j'* 
J jjjoiaII CjjjaII Jl ^-la3 JJC. l^J i_ljC. j<a JJC. Aij^a <ll jj ^1 jjll JjIjuII 

SjaJ AjjJ ' ; Ifmj f^J)^^^ Uj^ 3 *^ t^ 1 - (jj^ '^''^ lillj (j& 

jLaall (.S-JJJ g i ajll (jal JJ jjSlI AJ jjIII tillj (jjj jj tUjt ~U ^U\l 

2jLsj 4 . ill ^Jal aJall <-llJj<all I^A ^-j;" (4j1cj Jj, ^- ^jjjoill 

.£jjLuil 'sAxJ j e j°"' i a a j 4^L^a j Sa±2>. 
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(Geneticaly modified) Lfiljj aIi** CjUjI£ cAjUII J£ ^^a^ 

jJc. (jjflaJ .1<U«J (_plj_jSI (J^-^H Ajlij (jj .GM J l&jL-alkl 

jll AjjUill su, aall ^^.1^3 (jja^jll Jajujou (Plant breeding) ajaJSIII 
Ljja CjlL-all cjlj 5X>Luj *laiil c_a^j (Selective interbreeding) 

' J."'^ *' ■ <ii.aH Cjjj-a (Jflj ^ali GM SI AilfiJ ^ LaiiJ . CjLlill ^ 

I^JUll C±>J±&\ jl >uJ1 ^ JJJ&H £?.lj GM —II Cp- AjIu^sj 

<http ://www. apec .umn.edu/faculty/frunge/globalbiotech04 .pdf> . 

^g^JaljV <U3 |_j-aallij CllSj ^ ^AJ-le Jjljlall ^JlxJI <jl£juJ el .1x11 

^ A^aLL j t^l jjll Jj.1xj1I Ajlij] Isujxu (jVI ^llxll ^ uij .AjcI jjll 

it 

' a all jUjl La-oj .IjjjjI ^ A aJala 4_kJajlx<o 4-^ljJ J' JP ^ J 'Ll^l J 

i A atja a j^aj ^ '^IjJ ^-S-^*- 0 **,'JS 7- a (jpLLa) ^llxll «.Lajl j oj J 

4_aJlx-all (JJliaJ j Clli!l3 CjIaua£ CjUjI£1I lillj J la^jj jUaj lillj j 

(DNA Probes) DNA _J cjll^ JUxU f bVl 0 i& ^ ^Li ^ 

laSkx a ^aiaj ^ Jj; a all f.Lia.'VI , i — > i » *■"*' \ 

Ja^ja] Cjlji£ (GM microorganisms) Lu'jj aIi*-*!! ^j^a-JI cMSlI 

dll&l^jyi aJjJi a cJ_JJ3 aJ Jlil iJLa^Vlj .CjU^^all (_paxJJ t _ s llJI Cj_ali]l dlLljJjai-a 
V J . <3lail jjjj tlill j V CjVLvi (J Vj tAjj^sJI <JjJaJI AjlSSS (> <^jU1I 

Llil jj <S ^a]| dlljjl^i] t a _jA j-all Jjiiall jl ( (J""'^ all ^-a-L^lt ^)iaiJI tilLiA 
AjIjjILj AiLu-all CjIjjLjII LuIjj tAjlaoll oi* (JJJ^ 3 ^ j'V iLL-all j| jxll <L^jiall 

jjlSlllj Jjuliill ajLuu AiLdall l^VLjj (Molecular Genetics) ^jaJI 
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Aj-aLiJI) 4jiiaJI illLa jLcaSI (JjlxlaJI ^gA^Li-VI ■ ■ utaj lilLiA I jJaJj t(_£jJiiS! 

A^AifJ) £jJaj*j *>ajd! 2.1 

Public awareness of genetic engineering 

44.1A&VI ^Sl-J Jm\ j& jj A ' ala»VI l^gj aLsj j 4 a^ 3Uj pistil (_£l j]| "ojlaj (jj 
^LuLuJ jj a)) JiaU. Aj,.iaLall 2 UStl till jluiSI J!>Ui .Jaw 4jl Jj 4iL_aj 
Ajfcl L all j <Llaj£a SI illLutui j^aSI ^JL-a-a (jJJ (j jl jj Jl J jj-a_&SJ AjjJaJI 5jlaiSI 
t(_£jaJ <£^w (j-o AjjjjIS a ji <-il LaSI ' lAjj^ 1) J Ag_a. (j-a 4_}-aJ.ll£VI j 
^ jjja SI AjLliS! ^yJajM (jj 31 . JajlSI £E-a!jJj illlj_aljVI l_l jLiaJj JJjjll UoJjjjJ 
^3„'.'^ > '.' AjJa jji-all illLujjuiiSI j aJajSI JjlrJ (J _42l jj^ aJJ IjjAja.. VI Jjoj ^ jiaJ 

(jx 4j1c Jj^aaj (_$j]l gllaiu jl t^lUj'VI 1 ° ^ j LgJjl t_uij-aSI DNA SI Ajtsj 

4jla»JI JALa ^slLaSI" J _43w dlljiui jia jjloll JLauoiSI 4ij .4jliill lilSj Jlarli.nl J^Li. 
.llaj La _»A ^lliVI AjLc jl gllaSt jl£ I jj La Jja. AjjLiala «.l jVla «"2baAlj!yi 

*Lal*JI JjS ^ja JajJ AJJJ^JI AjlajSI ^Jaj (jLuij til jl jaSI 
Ajlilll (j-a <iila a i—ljljaw (jl LSLa. ^jJaljSI (jxi3 . jljlll *lk^3 AjII J ^LtJI (_jljSI 
4 a iIiLjiIaui Jl Jj^ajlill Jj2j .<JjI.1aSIj (jiliill JjS (JjJ AjjAsJI AjjJiJI 
JjV .iSI j CjIjIauVIjj toJ^a-a ^J-l" 1 ^ (j-a Jj V ZJS^jL) ^ISaJ j ^jl ■ aj j 

(jl .SfrliSlI (5 j j Jj3 (j-a 4ijajSI JJLalSlj jjAljjSlj 
AjujLluiSI (jLi (_3 J-a^l (illjS j i^LiJI (CI jSlj (jjJmljmSI (_)^aL-ali.l (jxi AjcLal^VI 
(jjj cg li. tt-lr-uill ^j j-aVla i(Jalji*JjJI ^ ala all (J JSVI ^yift iAj-alatSI 

(gj±i ailil ^g-alatSI ' -uLaJI La 4_iial <lljl£ 

illLj^ j ^ liillkl ill jllil J3 AjjJaJI 4jla!ill (jl ^»Jal jll (j* 4 jl ■ alkLl 

^gk iiarlll jljjjj .AiLuJI (_Sja>VI dlLuilSI (j-a (_gl (jLuij J^-SaJ ^S tjJaiSI 

(jx V i*"'^ i4iSli-aSI AjjjIauiSI tllljLnJIj (jLjj'VI j ttllila!iSI o^lala lllla ala all 
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(jj J Jsl\ ■ ■ lap lillj .AjjjaJI 4jlaj]l (jLi j»l*5l <^'-^ ' °..'°"'"'J ^F- * JJJ^ J 

Jb^ajj (JjAjsJ SjJ^VI -}jS*JI <_3^>Li. 4 a£ n 0JJti£ CjV jla-o Cibola -lai 

gjtjj (2.1) Jj^JI ojjj .(Eurobarometer) ^jjjVl jiajjUl < _ s -ojoli L» 

(J- 4 *-^ AjiiS Jj^ Jj)^ ^^>^L5 CjIa jjjUjxuIIj AjjjsJ! 

La£ tAjjJiJI <jtsjl! jUa] (j-ajJa AjjIjjII 4jlailU (jlxJJ LaJ alxSI (S'jll cS 1 ^ cs^ - J^' 
pistil cJ L J (jl ' ; laJ ^^il! 4ij*-a]l j_gjli.ua (Jja. (JIjjoJI ^jiaJ 

(illj ^ia .sjaaJI AiLaJI i^^Ull jjall cjUbxjju ^Jia-a irradiation) 

AjjI^xJI jIjaII ~y°»"' ^3 ^-lT...Vq]l JIatJIi.iJ Ajllxij A^Lui CAjj] (j-a ^C-jJLjj 

lillS (^)jil (J^J i4_kiaj-a<a]l LjjjjSJIj **JJ^ a oil c.Ua>VI (J&J 

tju.ij lilJj j t(Chernobyl) Jjjjjj-^j ^ tiiL^a < _nH ajjjjII i.umi 
JaLiill dilj i jaII j (Irradiation) jjJ u^j LlaJI 

j»UJI jll 4jc jjj Jlia J^l jj Ja>l j> JiJ .(Radioactivite) ^UJiVI 
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jUaVI J-lajl) 4j1 J £_ 4iji*-al1 j all j 4-b nia SI Lluaj 

4\jjjaJ1 4jlall1 (j-a l_sii1 j-all < S^illLi.1 ,j <aALouJI (_J-ol jj«JI ^AI (jl jjij La£ .(1.1 

(jV i-^llj j 4(jlaxa i-Jjluilj jl 4\a.ljj^aJ 4jc. jjc p.ljjj t^jlLall ^^jj^ll alt jA 

^^le 4*JjIal1 __JJ jlsjj <Ja Ljj£>lt j AjUjlalt __>Laj <jjjjll j 4j£>la.V1 ajAlLall 

(JjLuij 1_Jj <Lal£la "Lajiaia {^Aj iljjljljja.j l_jlj1jj ^glc. (jj-lAir-a l_-j-a f. j\a. lijl 
Ijjl ^"AaxjlAs cJj^JJ Jj^-j V (jl ■ ■ laj 4j1c.j i4j*_iila ^Ijj] 

JJ V ?(_g jjoliII (jjjaJI Ajiiial OJ ja. jaII ^LaJI jl j-all j'^- 'j-^ a£ 4 «jjJall (_g jj 

Xia CjUI jjiJIj CjIjLu]I djliijj-aj jjoiLi« jjc. JSjij i_ic!iljj (jLuuVI jlj <J l>° 

' ajfl-v'ti jl t4 m a ( . il q i <~\ elaljl j ' . laJJ all ^ jl jail __pla. _j-a (illi j tdlla jjj3 
Clljl jJaJI J ClLjIjjll ■ - la 1 1 al Jala ^lllbj .(_gja.V dllL all __>iaxJ JJu-a <_>a 

laa j ^jj Cil jjsuII lillj aal .4-ajjall l_iMJ £-a 4jLS2jI ^Lla Ija Liajj 

ja <jl 4_^aLi. V _aja cjaV ja j < a^ll ALlLsj (jj£i^lui^ll j (jAill Cjl^lil^V 

jjlS 4 iala il <J j' aa al jx-ui t _ ? lc-1 (jj tAajaall .f.laill jbuul j'"'^ j ^aLoj 

jj>g'\\ Ajajlaill (jjlall /-ia .2005 flfr / J jl£ -U^xkjl j jjic CjIIjII (jjall ,J 

tc5 aJ jSlSlI U^Lk ^jla 

AjKjill CAkt all (jJc f.lij Ajjlk-allj 4 u.i-s a\I Aij-all dllj <T)Lji1I p.lajjl ^jjj 

cjljjjull J£j 4JaU.VI jjj (>« tdlj *jj L« LJI& j t(Phenotype) aj^jUJI 

AjjC-^all Ajjja II till jjilill ^-a J' aaJ 1-aJJ j] t^^JJ^?^' L5 jA'-"- 1 ^^ cs^" ^ 
tAjjjaJI Ajlaill oAj^aJI (JjLujjII (J1.at1i.h1j 1 allj a Ifa a jjc. (^^a.! Cjljjili 

t _ 5 lc ^ Ul ■."ill ^jj jj tAa^ll 4ajli Cj1jj_a-all (_gjli.no (^jJc. Jjilll 4jLaC (jj^J ' " 
aj* (J£ tllfuLa Ajtijlaj iJjJaal 4j»jjil1 (jj£i ' " IJa j ^^j^aJI (_g jliJI __g jlmall 
tilljja ."Ljjjlalll (jja^lll (JjLuj jl ij^LuVI ' '°fl'1 ^glc- ^ aal a all (jjaj (jjJila-all 

^ jjjIj (jUiaal 2_^ljj pliaC-V 4 m « 4 L i a3 j^glc. (Jill jjilll _j-a JJjS J^C- (Jlj^jj (j^-°J 

2 v^ttMl 5ijj]al1 (j-a JJJ^J 
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(Jill <^jj tf& Jj* (1997) r Ui ^jjjSfl jlwjjU: 1.1 jUaVI 

jj^Jaj t^oHa-all a AjjjlaJI CjliljiaJ (jl (j^JJjJJ^I (j«a Ajji^VI ^>fj*J 

• I JJ*i J3VI J 4jxAl jjSYI (jA <Jfia]l j| jxll ^llil lilliSj J ^j-i- **H (Jjla 
tllUI jjaJI (J jLuU^I djliijj-a JlAjj teliiJI g^jj] (J AiiAaJ AjlSjll -I ^'■■■| 

JJC.J Alia IjJai A*J t^jLaljVI Ajc. ^J_)^ " ^ ' ~*"*^ J j i I a ^ 3 

.(Jjjla 

Ac] a all <l£Aa A^Jlx-o Jl (jl £3 jlaJI JJC. (j^ si* (jl (jj^JjJJ^I LS 

.AjJjJI jlJJl J 

Jc. (_£jia_l (_£a!I gliall l—lvlc. Jc ^jJaljll jjjjljll '"J J J' -**.' <klla-a]l 4-lJj£VI iSlaU 

.LjjIjj "U-lx-a. jlj^i 

(j-a V-ij AjAilill! JjjUlj (jj^jll _jl J <n * nl jail (jJJJjJjVI (j^> <jjj£VI (J^aJ 

"UjjaJI Ajlalll (Jili. (ja (jl jJ^JI jl jlu 4jjI jjll all JJ*J 

(j-a (_jjj]l 4jLa^J Aj3l£ AjIL^JI dlxjjjoall j aiajll Jju (j^JJJ*^ £U 

.2_jjjiJI Ajlilll jJc. i_JjjlaJI jlaaJI 

^Jaj j^aj 4 j3 aC. liljj (j^-aJ (jj ^fiau Lii£j^)J^^ Cy ^JfH&A (jj^J^" 

^ r. l j , ^-»\ l o 1 Wal Aj^ai^JI M aM I ( " il * ^ ul*j ^ 

o-liiaJI a-aV^ 4-ia]l*JI '"'1 aJalall J jjj (jl jAa.VI (j^i Ajl (jjA9j«j (ji^JJjVI ' - 
Sjlilll U i, CjUtJ^juSjjl j a Laill (jjui (jc JjVI Aj]j^jaia]| ^jaILxJI 4 a i all 4_aiai«j 

.Aj-al*]l dlliigJI 4j]j^uia Jlj AjjUill A^jaIIjj tAjjj^JI 



(jj jl i^jjJa ja]I oLajl ^l*JI (^1 jll Mj^^ -J^ ' ■' (jJiLlLa (J^a V iLiA (j-o 
(_j* ^jj- 0 (Jj ''•i^l J IjLj^ V J tAi.1 j li I i ajl a^j a (JjjJJ ^l*JI 

duli 2003 ^it ^^ia .^gililll jIuiaII j ^aall j 4c_aal_a-a]| j t^JU a^aJlj tCiLoLaiaVI 
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1 jsAc jc. ClJ^)C.1 j tljjl jj 5J.l*_a]l t_J j ■ al a all 1 §Hi <ajl - a ^^"n illc. CllAjl 

Agri-biotech ) ajjj^II AjlSjll cr S& aojauall ^Ikall - ^Ijjll ^UaalL 
Saf ^^Ic « j^aJI Sj^aj 1 gj£ AjJlill Cj^jI La£ .(industry 

J ja. AjiL j «Lale o_)lalixi jliaj (j-a*-^ 3 aluVI tilli Jal . dllaJiia I^Sa 

<ejll (GM-National Public Debate) LSI jj oLulSlI 

(JjA-aLa-all j f.l.lill JLia. *l*ll ( SB ^^Je JV^Jjjj^U <LaLi A-iijjaJ 

Jjjjjoiill j_ja. (jilaill ^jj^aj-al SSllj ^^E-jll j_5jdxiL0 4j^)*-alj iLjjIjj 4l.l*-all 

t^LalA^U ojjIo ^ftSj ^ s -> U",„VI lilli ^3 jSJ .Ajjj^JI AjISjIIj 4cl j jib Jajjj^ll 

^ij <Q , a3l Vi j ^j^Jaj^all I j& J ja. jj£I CllVjljjij ^ Jj^utill (J 7- all ^joi2 La£ 
(jAil Aj&Ll^all j Ajcljjll SjjjaJI Ajlijll ajj^all Ail^ll tlljAk-al Jala t<JjlLaS! 
ialstSI c^ljJI (Ji-aJ V lAjtlilmt (Jilt 4ja_:jjill (jlj <Lacl j t jjjaill li& ^ Lixia 
(JjJ*j1I 4_jlail 4j^aj)\ju& t " \\ IjA <_Jj3 a Jj-'-"-oj SjjULa tl±jl£ ClAjLa.VI " (jlj 

4_jlalll aUll (_jljl! Sjlaj ,J (jllall l_ uLaJI jl 3 II liUj CjjjjcI J3j .<Jiljjll 
Ajila II AjjIj_j1I (jjiuiU <Lal*ll (_5.il ^ill (_g Jluin ^ Jai 1 ajj 4_a.lAjai 4jjJaJI 

» 1 ail 

^Cju Aj-alc CllLajLoa 4_jl j»J^aj (j-a lilljj iljjljj <U.l*-all Cllljjl^ll ( ja <Lal*ll 

(Friends of earth) i>ajS?l *lii^a1 4_«-aa. jjLuilj ^1 jSI .^Ulti 

3_/avL_u (jljjij ■ - la jll 4 ±a\c 4j^aj£ 4 axj o-o i-aia^o j^a Jia. 

6 jjdjuixll Ajila i all ClVla-all La^ ((jjJaJjLill -^JJ ^-l-^«-*ll ClljUill 

4jlaj £ja j^xall JJC. (3lall <SLa. (jc jjjl j^J^ 1 - 0 ' ijjJflV- JJC. (j jjaa^-a 1 g ^^ill j 

i 

(Jjaj (jj jj ' alia a j$i SAaiall W£^jaI\ CjLjV jll jll Lai -(jjljj^ Jj-^*^' 

^ jLiJjl (illiA jjljlljj tj^jj ClsLac jjj (_>a Jb^jl (J 4ilaill ai^l (jaUll 
l_Jjaj (jl ^kial_ill (j^ 1 'JL^V^ '^'jJ ^^*-^t CAjllilU A£.jj^y^\ J jaaJI <a.LuK 

.^11*11 ?.lajl Ail£ ^JJ^ L°-^j ^ *'j ^Ij^ll cJj-^*^' 4ilai AjaaI 
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<UJxa]| Jj'^N all <L£lui aJjj»J He jLuC'VI (jJ*J ±ijJ 4l±«ii :3-l JjJ^J 



? Ala ja.1 ^ill ^^aJI (jjl^ll (J djjj^ll 4AlJa j ^ La 
T^ljjJI (JjJiiil AjL^aUJ CjLull ^ AiJL=JI CjjjaII (Jla.Jll jjjIj jA La 
i,l , aa 13 AjjIj] jl AIujlu ^ jjij ^jl ^^Jc <Ltal lilljA (Ja 
VaIuII ^ (_S^)a.l ^ ijl a JJJ^J lilljA (jjfLiui (Ja 

jl£ ' u 'j;> Aiip_a (J Jahl! ^jit Jjix^ll oLull AAAi j <*jfLi jjii lilLiA Ja 

f U, i.jll ^lja_) jLwa I ■ ' (JjaJJ 
xliall Jjjjla (jc !i\iLa i(_Jja.l CjIjIaj (J&jj (jl (Jjfliall (jja 11 (j^-aj (Ja 

f^lli CjUii Laj oLul£ J (Pollination) 



P. J. Dale, "The GM Debates: Science or Scaremongering," Biologist, : jJ^xaJ) 
vol. 47 (2000), pp. 7-10. 

Regulatory requirements Aj^JJsaJI tlibu^uuJlj jJaUl 3.1 

LSI jj JjjlJ f l&l 1.3.1 
Safety of genetically engineered foods 

Uj i al a all Jja. ^JLxJI e.LsJl ' alia a AjujIj illLuitaj LilLa. jIjj 

aAl ^j-o .^jjooll <-*N j»" . j oik-all lillj Aj^aLa. ilg-ia Aajjiall jlj-allj LjIjj <U.l»-all 
.(3.1) Jj^aJt (j AilJ^J La JLa-a3l lift ^fl Aa. jjkJI <1LjoVI 

(j^uJa CliaJ (OECD) oyjW J j£ J ' ^"''^1 (jjlii3l A-aiiia (jl 

j»JC (j«o J jjLa (J^iiJ j£lj3l (j«o .Aj V" :Aj11j3I AlaaJI AjjI ii3l A_a!}Lu3l ^ j$ia3 tg-Ljii 
O^l frluiVt <_Sjjia < 'j' aLa3t ' ° ^ 13 £clia3l -I jalLmt C-I^>a. qa JJJ-ia (^Ll ' -U i iu3l 

I aSJu a AjL)j£-a Ja.1 jl c-l-lilt (jj^J La-iic '<* aJala!3 Axlaia3l ^ij <iuil3lj .lajuu-a a i ^ a3l 
gjj a3l pi Jill jxs ^luil jl < I a-)3 i " J."'«J (jl 1 ; laj iLijljj (Jjxx (Jj ■ a (j^ 
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ja (Substantial equivalence) ' { <Jlp*1\ ^jLjjH" j] .^jajJSjII ALjJaJL 

AjjlLa LutjJ AjAxxll CjUjISII AjjI^iJI -LaiLuJI 4-uiljJ (JiLi. Llalc (j^iao j»J$ia 
j-ajJa 4j (_p3^xj]|j ^Ljiall JLaaluil Liajl lillj JjsljJj iAjJjlaill Ajic-VU 
(jjiuil ^^Ic ^ali <La.lLa j ila>.la "(JLSa SI (_JjLuii]l" Iaia w >ii*J gSlall (ja .il^joll 

•Codex Alimentarius Commission —II 

iajl j-iiaj ^aJaj ^gJc (_£jia_l (_gi]l '(^Jljll ^JJJ^WI ^Jj-all _>lajl Ajjoil 

:ajjI^xJI i lil jklj oil j La (J^ lJj^ diLa^/l^l j jjjl*-a j 
<http://www.codexalimentarius.net/web/index-en.jsp> 
<http ://www.who.int/entity/foodsafety/codex/an>. : J 

(jjSJ^Jj-HA]! (Jj3 (ja (-uiL.nl J^jkjjj -1a1*J (^jjJJ^JVI £3j-a]l li* ^ ' -lai 
4_Jj|.li]l AjISjII i J l1 JJA (Jj3 (ja j tAji&!>Ll (jlxjj^aollj jjLalxJIj jj-^ Ulajl j 

^JJ "^^AjiaJI (_£jLju]I" (jj llaJj AjjlLal] <La*JjoioJI CllLajla-ajl j] .4-l]j.l]l SjLaJill j 

: \ $ \a i diL 

.(Gene expression patterns) c^i^l • 

.(Protein profiling) ajUJI ^ CjUijjjJI jc. 5-aUJI ojj^JI • 

.(Changes in protein expression) tiAiu jjJI ^ji^j ^ cjl jj^I • 

. (Difference in metabolite capabilities) V-^&l ^ j^' • 

(jl£-aJ ^ .'J- ■ all (ja <J*-?^ AAAillj oj_aia!La]l (JJLaJill lilljj ^La]l 4_Lal_)lj (jj 
£-a .4_Lali]l (jl^LlI (>a JJJ^ll (J eliiJI 4_aXaJ AjJUJI JJjLtJI J (Jaill (JJflaJ 
AijUaoJIj 4jC.jj]l (j-a j£ti]l (ja (j}ljjj)VI (j^*-a ^ciiia (_jl J_J$-i=» -lie V iiilli 

e-l-liJIj ^_&A»aill (JLa-a ^ CjljLaijijj ' "'I g-la jj (ja V lillil .4-a!>Lai]l jj jluiol 

.13 La (_JS i _ s lc r j i tall frlalj ^JJ lilljj tAjLjjja a j L^-iS j_jiaJJ Aii.j-a ,^3 

4 _ 5 ]c <iLu i^jj^iaj-a]! li* 4jjlLa (ja Aj V J . (Jjiall L_±uiilj AiaJbi-a j l^}iii cJ^Ai 
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AjjIj ^cjlli dllj <LavLuJI JJLaJ (jl tigjlc (jjilall 4_LalxJI dlUiaa all 

La < (J al aj (JxUi J^c jLlaj j a i '-* (jjiiljsllj ^aJajll £iiaj Lij^jjl Jiil 

I \\ jjl < \t jLuiijl (j* 4_ajLill <LiijlaJI a all i^ja AjjJI j (jLuiiVI a ■ a 4-J-aa. (j-ojJ 

i^JjUjjjjj ((jjjjtla) (jj^a. j^^ i>JjVLiJi .(GMOs) Luljj 

.<Ujj«j i " ll -» 1 uta (j«M f-i Ljjljj <U.l*-a]l I 111 (JLaaljml j c.1 jjaJ .1 

4 (Health and Safety at Work Act) J«]l ^ ^aXJI j a^^IU ^UJ 

Health ) e-iaJLall A£La^ll ,J 4-a!>LJI j <auL<al3 Ajjjjlll <jj^S| <Lil& lJjjJSj ^iil 

^ <a^ailt j ojjJiJI ^Jiouj t(HSE - and Safety Executive 

CjLullil P \ ji^h ^UJ J^lisll ^^iuj 90/219/EEC ^jjjVl 

(Food ^JjliaJI ClliLjaJI r CS^' ^4 '^JJ ^L*"^ 

V l$i ^1) (Processing aids) ^^sll ^ sj&LuiJI jIjJI j tadditives) 
<Jjj ^jk. (j-aLi. jjSjj <*-a t(Risk assessments) jlaaJI ^jjSj ^ AjL^aaall 

.4-ilc ^plj^l Jj^xjII AjLaC ClLaJ Ajaiii jjjIjII 

dlaJ a laJLall A^La^all ,j Lu! jj ■ " ll Jjl $ SI jjij j ^Ijjj ~„'k"''*' ^»JJ 

Alull AjLai. Jj3 (Deliberate release regulations) ^11 «-al j4 
(EC c^jjjVl (j^^j Environmental Protection Act) 

LSI jj CjUjIHI ^pLLI AjLac. fJalll 0 1a J^j .Directive 90/220/EC 
qa . (jjjj-ull ^j^j i^iliS j (Field trials) i_j jL>l ^Ljall tj^j Alull 
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. JloiJI ^jjj alfl L£ljJ 5J-la-all Ljji^ll Atljj tSlSjSj 

Jc Jj, \\ \Ji)jj Jaa-a (Jjl£l J^jj (J^Uaj Ajjla-a JJ V 

(jfr Jj i al Sail JS aJ^Sj I ■ llkll A-ajLall A-gJ>JI Jej t<Usj£iJI (j-a Alii j-all 

A-a^LoJI J^-f^l dlljlaa a 8 ^jj .AjjJI jl A^j^all Jc jUl A. A\ <jujIjj 

Advisory Committee on ) ajjUU AiaJ JjS ^> AilLi 

j^ojii jjVq'u^ ^ Ajj^all (Releases into the Environment 

1997 jjLa/jU jJ till jj jjajjJI jji. SjAla. Jajljjukaj j^l j3 Cllkj jal 

jIjL J£ <J A-ajL j^u Jll (EC Novel Food Regulations 258/97) 

(jjjjjoij Al^j-a (_Jj3 Aial j-aj ^Jjj^aJ Jc (J jj^aaJI ^ i aOSJ j '^JJjVI jlajV 
£j^Ij j"i i ii o Jc UjLui A£!^ ftluil J Ijj IjJJa. eljill ^iixj j 11a 'Ap^ frlic. 

<90/220/EEC aiJI J U£ i-U^I ^ lU^j .^jjjjV! J 

'** ^gjll jl cLjjI jj aJa*-o jl j-o (_j jlaj ^gjll jl IjjI jj <U.1xa]I Aj lajjoi AjjcVI 
dAjjliul Je <_£ jiaj Ajjc-VI cJaijJ V 1 8 &JJ iljjljj A-Jaa-a jI j-a aIojJjJ 

^ii a^aJI Jlgjll gjlail J lg uiq'i IjjI jj aJ-IxaII 

tAj j^LuLall AjjIjAJI jI jaII <La!>Lai ^5 jlui^a -JJ°"' ^aJJ e l^!Ltt]| a£Llo]1 ^^ii 

^g-^i.iU A S£j i a a AjjLuoIuiI AjjA jl (_Jj2 (j^a iljjljj Ajj^-all Ajjc-VI IfrlajJa j-aj 

(Advisory Committee on Novel Foods and Processes) ACNFP 
(Food Standard Ajjc.Vl aKj Jj Uiaji SjjjiJI ^^aj Ujj^j Jll 
Jll www.foodstandards.gov.uk JijVl a-lL^j jkjl Agency) 

J OECD —II j WHO AjJUJI Aau^all A ttkLa AlijL J& J£jij Cjdxu&l 

C tSijVI Jc ACNFP -Jl Jal .Aj ^"i.noll AjjtSfl A^lu, ^ba 

Ajia ■ all j Aj_&iuJl lAjjjlajj lg-a^al 'J.'J l$jlijj>^aJ <_J£ J A-uLdl j AjalLillj 
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4j| (JjojJj tiaSS <Lalx]l <La!>Lui]l £Slj-ll W^'j'j^ t^LJI cS^I 

LjjIjj <U.1*^]I ' " ll ijl £ SI (jx 4_ajUSI a alS ajjSS ^ys sjSj tjjf" ^° 

<LaiLui ^^Sc (_)*3^aJI ^^Sc c-Lb __)ljsll ilajl jaJj is-l^)^. A "(£ aj j»Li .133 tl&JJC-j 

t (j j > 'ft u^&i ^jLla !j (jjj^ala-a]l (Jj3 (j^i - jjifoSI I Aft (J£ (j^s ^C-^lLlj lillfrLj all 

(ajsI£1I CjU La [Ac. ij'A\ My.^W j ^L*JI ^sl jll SjJij (j! jja. ^ 

jiJCj AjljillS 4slia-a jjaAlLa ^jlc .laaxJj tVLa-a £joijIj l.lia*J JjSI (jj^J a al] 

^jj 4iUiaj .£c2Lall ( _ s ]t Jl Jc. sj^all jiJcj Clljl j£S! J jj^a. JLaial j l—iUjll 

4jjAi^Jl£ AjjAaJI illLuifoll ^>iaLa-a (jLuij sVli-all <Jj-«J j»Lx]l J$ u]^ '(Jf" ^° 

i—ljjj j sjLiuJ! L-lj^jS jjII "sLiaJ! iaaj a a i J jjJ jl ' to J i -j j AjjIjjI! 

lilljjj <J JlicVI (^Sj (_L^ jjll j .£tSj ...5-axuJ Ajic-VI JSl J Jja-illj J jaSSl 
l^itSill liSlil OJJjSlI JjI jflSI (jJJ jxll (jx V tAjjl jjll 4jj:.%SLi Ailxlall jjala-aSI 
.(J£Liba (jx 1 g '"" <aa all (jl (jS-aJ La j tAjlull j 4ja i oSI lillj (_)*aa.YLl 

^j|j3 jLj-Ia] I— S^J ^LtSI (^1^11 ^-a (Jj"^ 3 ' JjJI tjLjb (J^Luiill U 4 " ^ J *' 

(Cl Aic- (JjJ j-a CjLajI*-a j'"" jLaJcl 1 jm Aj ili tAjjl J_jll i a i SI _)iaLa-aj 
<SLa. Luiiij .5-al*JI <LajuaII t5 Jc- (_>«a_)ailj <2^Slj Ajlj^J-a-alLl A ml ma.Ll Jy-aJJ t 
(ilj£juui ^J^3j jl dlLa _al*-a JLastluV 4 J*' ^aLJI (^1^)11 oVli-aSI j AiiSI ^l^aul 

■ LgJLa-r"< i iil o^g-uil jl Aij3J jjft jl ' 1 gja ■ aj 

^'(jjikaJI jA La rgjiaJI ut&S- l J& ujLa jJa-aJI ^iaj 2.3.1 

Labelling: how far should it go? 

^jj^iaj-a AaluLui^j <2J 4jjIjj]I 4 i 1^ SI J AaLtLa]l J_a-aVI JJ^I (j-a (J*J 
J Jj ■ ^i"<\\ i . LaJ ^Aa (_jl (^jj t^jia-all Jjj-alij ^1 gllajl c_ailc. ^gJc. ojLiV] 
Ajjl j 'ij£a (j^ajill <iUa&l (labeling) LjMiSI dlLajla-a i_a^J j .liBi 

jl gllaSI liO gUiujI JJSJJ tA^llaJ ^iSI gllall jllaJ ^^£1 gjl^II (jc. 4 L ^•a^j 
"La!)Lui (jLajJaS jjj^aaallj (jj_)iall Aij^jia fjc L_a^liJI CjLajlat-a oAlij La£ t^lilaVI 
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ilsSS Ijl oJjia jj£j gllall <—4vlc. Jc ClsLajl*-all jl jjSjSjI j-a U& V . (JjJaal 
. 4 it i 4_iaIo ■ 111 a SJaj JLojjlj V j i.^l^'i. ii all (_Jj3 j-a <La j^-La 

(US Food and Drug j *ljiil ajIjj^SM a%]| jj 

cj^lc Jc CjUjkJI Jajiij V FDA _ j as Administration) 

ft j 

jL (_pajjij AjV lillj j tglnall Jc Jj. <jLa*ll 4ij Jail jjij jl gjj all 

Je J, ^.-y-ij (AjjLJI ^iaill JJ Aaulall Ajcljjll AjLa*ll jl Sijjioll SaaJ 
Jc tuy I A-iLaC 4jt& AaAaJI Jjjj tillil tA i aia all Ajj^II j-a Aaal j-all 

(j-a j£l j .(_£ja.VI AjjI^»1I CjLaaiall Ajillc £-a £jia IaiaII li& jlj Laic (L_S^Ul3I 
1 g i nq'l ^llijyi AjLaxl (_)iiLill > j'-— «J (_pa3j (J,?^ (J-^?-^ jto (j' U^°d L^^)^ - ' 
Ajjaill 4ij*-a ^frSa (j« (jli AjIcj i^AjjIjjll 2 , ,. Vi* IK) o.i.la-a Ajlij JLaaJjoilj 

j^ j;l*-a £sli<a Jc tjj' -"^ 11 Aaullall 

tsjill ^cill Jc "sjjoS JjVj cSIUa '^jjjjVI jUjVI jl.iL j.<u^a JaVI Jc 

t*lli J .AjjI jjll AjjAI^IIj Axli-axll AjicYI l— ailc Jc Aa_iJalj ClLa jla-a 'ijSil 
till^luixll ^c-LuJ gliall Je aLall ClLo jLi-all jli (_>iaxjll Jl A imilLj jj 4<Jl.ia. 
(jl tdlAa j jl 4<La!>LuJI A 1£ oi a jl lilia. .<LaiLuJlj AauuaH J LjJ Aide V J jliiaiU 
I ■ Ac jl ilia JiaiUa 4jl£Jiyi lift (JaJ l_£>lill Jc AjjjLall CjLa jlxxll ^LuJ 
V (jjiLill jli lilli jx ^»cjlljj t AauualLj j' glLall jl ajLij jxal Jlajjill 

(JLa.jl Jal .IgijjjjoiJ l_jllj 
tAjiil jjll 3 i a II j ^ alalttll Ajic-VI t-iilc- Jc CliLajLt-all AjUS j"^ 4-1 J^"^ L)W^ 
J Jjj La-aj .ale JluU Ajic-VI Jbl Ajjli^all t^ja-VI ClLajls-all Jj ^iLjaVLj 
jjSj gUlall jc 5_a jla-a AjI jjjj jl ■ ■ laj t_ailill Jc l_l j"'^ all jl ^Jaill lillj 
jl jl tAjjjij jl Ajjljja. i " ll l}a j^s ^jou Jc L^jI jja.l£ Ji?J lc 

^Sl (_g-JjJjVI jLajVI j^lj .Ajiil jj Ali«-a Aja. CjUjI£ Jc ^ jaj Jl^ill gJJ all 
J jjLaLill jj .IjjIjj Al^at-a jlj-al glial! e-ljja.1 ^jc i—ailill Jc ajLiyi AjxI jlj 
4 ■ ll^ 11 (JLaxluil Jl jjljajj ^IjjaJI j jLjjll ^11:^1 jj ■ ■■■«■*» ' jja gilt (JLa-a 
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eL> La* .(ill^laLoJI AjllaJ La liAj tAiKj JsLj iill £;L"VI t-S-AfrJ jj iAjjIjjl! 

jLid jUJI l iEiLl a ! Jc 

4<U.lxall JJC. dlUjUall ja Ajil£ Ajx£ JJSjJ Jg. (j^ajaJI ja I jj JJ ili jl 

.La-ljJj jj^aaLljj ^ill 

4_\a*-all 4_jAc.VI ClI jiui (_>u-aa. (j-a j!i£l J!>la. ^JJjVI jLallVI £J-a -lal 

£iall 1 ^jl 1 "- 4 _ s j1I (JjixmVI (jl Laic. i4j*j^all Jc. ojiaa. IAjLucI (Jc- L^ljJ 

<_£/Lijl £a^3jJ (j! 4jaJjjoi ^-La-mlLl jjjljall oaA (J^-^ ^ .4ij3j (j£j 

Jjfiajj ajaaJI ^Uajll loAj .LjjI jj Ja*-all gllall 4_fa£ j ^ jj (jc. ^ -n. . Vil j dlLa _al»-a 

AiilVI dibl jjaJI j £jt jxll J LLiLil jjaJ! t ale. Igja Laj ^Luc-VI ^1 ji Jc- 

.1,1a, <Lla LuIjj 4ja*JI SjLall 4_La£ djl£ jjj Jia. iAjljiall 

(jfc (Jaj VLa j_jlc- <_jjjaj 4jlL axil Ajjc-VI (j-a Aj^IL) jjatiui Jlja. jjl Laj 
(jjkiia JSI Llla. jljJJXJ (jJjM) Ljj-allj Sjjll (jx 4 i alaJluba AjIjI ajLa jijilj 

lillj t*llj ajIjS ili i^AjSjj^VI aaaiall ^jLV jll jj Luljj Lyl^*-* 

jjc- 4 i f-ilVimVI 4 ilr- I . la lilljj jaljsll (j^ajoixll jl xii a^all Luli ^1 Ijjj 1— iLaaixil 
AjjjoaI! 4jaALll Cllliiillj I " ll ;j- i ait (J£ (J!aa_l £-a tAlox^i JJC. (_£ja.L jlj^ll lillj 
CllLujll (j! jj 4 (jjfLall Ale AjLaC jjc. Lpl Vj 4lj&« tllLxjjjjiill aoA jAij . lilli ^^Ic- 
j^jlfc ^tillj (Jh^tV'ij gjlall ( _ s ic Ija. 6JJjS ^Jaj]| siA (jjiJoS A^jjlxiW AjjLal! 

jLsjVI jj .%5~ 3 Ajjjiii «*»''' o-a]l aAjjJI jIxjluI ^UjjI ^3 jjj i - Ua < j U^",„^\l 
jijIojII eLjajij jj <Laa. ' " d .'j* i a (jji^ljj a J_aJoJ ail (Jj-^l - laa a j (^JJJ^I 
AJaa-all Clljjl£l] 4_^aAlia]| SiaC-Liall CllcLaaJI LjJ ' ■ Jl laS jjll Ajjli jJI Ajjl Jia-VI 
Jjiu (j! 2002 j»UI ,j I jiS (J Aj£La]l <a aaJI tlialjlml a3j laA .Lul jj 
j^l -J V jJI Jjll JjJsull J^J JaJ j>a J'^' gSlall Jc ClLa jia-aJI 

(j/s Lajlj Lui j^La IjjIjc. IjJJatJ jl I jiaa. 4.1*1x11 t—ljlaall Cjj^Jal I jj Vj fllr. JJJJJ 
AjjSI La liA .(JLaJI Cj3j1I J ClLuj liS* aa.jj V j tl^uij Lliljj 4j^all SjLall 
JSJS V Luljj SJ^all Ajjc-VI jl tj\ tS laJLall A£l*xll J Aj^Lall AjxasJI I ■ ajl 
j* jliSI i'sjjac. (_>^a_aaJ j Jjllall Lijtjj (JoxaII c-l jill xj aa aal 4 a i all I jJaa. 
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Lg x-^ lij *1£ t^AiLi JJC. Lpb jlJJ La Vj cAj^C-VI (jx U JJE. 

AllxJI Ajic-Vl j) ^fJLJl e-liiJI jjSjj! Jl*il! a^A jjJ Jj^-' ^jjjVI 

ft 

CjI£juj (Jj2 jx IgJLjjjJ A3 j 4-lSL^.i.jl l£jjxl J JJj£ (JS-uij Cjj_ola Lli! jj 
Ajlijll a^A jJ_alaJ Jc- jjLaxJ (JJJJjJjVI llA^ ^ *','.' ' I i <ajl 4jfLj-al — (JLajj 

(jLij <LajL-all CjbtJjuull a^A jjlj (J jfll] (jjJ^j£l! j jl£jjaYL> (_£jl Lax iAjtl j jll 
J3j . ^jUjj ^a^al jjoi! A-jl aa I 4j]L) (jj jia J?- 0 t gjlaSI i—S^lc. Jc- CjLa _ala-all 

(World AaJUJI SjU>j3I 3 <Jjlo ^Lal ,_j jjli «.lcij jjj^IIj jl£jj*Vl j-a J£ ^li 
bic j 4aLIc jjc. 3_ajL^al! CjUjj^uII s^a jjci* Trade Organization) 

(jjul j AlaJ AjjLaJijl j^al jc-Y — SI "LaiLu: <LSLuia ^ jlaj ^-JJjJjVI CjLa j£aJI jx 

< -J^ 1 ■■ la-ljaau jx £SJJJ ^1 -LajL-all CjLxj jiiu]l oiis jL L_ij»J JSJli .4,;^V. L-lllupf 
jbtui! a-Ajj J) 4-a_nj]l J (_5^jJ I vi* a Ljljl iLaC L-U SaJJ 4jlSLj jjj.'^-"' <L)jju^a ^-a 

^ jkiajx IjjI jj <SA*-a]l Ajic-VI <— i _ s ^C- CjLajl*-a]l J (jj 

£3jlall jx 4ajJal j CllLajla-a JJ ^lL ox JJC-j *j'"*-J _W^°J (j^^-" 1 (J-^ 
jc 4K< a idlljLuJI 4 > fii-^j (AjjIAxII <_liljjl£3l - Sa« a ^ j i aU jl l—Ujall a all 

AjI jLall ^]l*]l f.l.li]l jJ-alj ojjjj^ia a£a j liili j t4jjl jjll 4 ■ a 11 '* SI (jjjjla 

jj&jl Ac-Luilui ^gjSI AjjjaJI 4jlai]| jjJ j-a3 4<La.ljj^aJ L-Sjiai LljC-j" .^AJJc 

."aj^UII J jA\ ^ A^aiL j tf.likJI jLa. j^ii tiSLiA jj%^ t j!i£l j'tSiJ ^^Sc. 

4j jx (_gill ^pl jjSI JjJxjSLi Ailatixill till jLiJ j Jj . ql aoll JS ^-^aj jS 
(iSl^lubaSI jj . J jjLa JJC. i_JSj^aJ L_a!)liJI 4j jAaII CjLo jLiaSI dl^SaJJ ^iittSI 

(3^. lilli i a£5jj 't^fJJjVI jl^J^I f.UiaC.1 J j^ll J£ L>° ijjisoa jliia.Vlj 
^»Ja j j-a Aj V liilil .^l&Vlj ^■nSI UJ^Ijj t5-a jl»-a]| ^gjc. J juaa-SI J lillgHuLaSI 
jjjLij t_luilla J^-^ '^ILaSI t—s'vLc. ^ic AajJal jll dlLa jlx-aJI 

&l.lxi1 Clllja j] jj£j ^ ■» el <1iA jj, aoa all j-a AjjA^ dbali 

j-Lui^Li (US Institute of Food Technologists Expert Panel) ^j-aV! 
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I^cda all Ajllill ajI jill j-ajPj t'ijjj*ia ^-A c.Ia«JI ^^j] 

<Jaaj Cllljljj jj3 jj AiLkiaj tClsljliil] AjjI^xJI ^jall (jjjoiaj jlj-aluil — 

.La ' ^ lac (j;l«-a Jlic- J' -»"""- (_><a3j (_><aJ_j3ul ojjlj j 4 * r-i\ •*> A jm 

(jjj^ill dlliLaC f.Ljj| 1 g*'jl ■ <aJ t _ s ic Sa3l aj jl . j — 

.(Improved shelf-life) 
.(Increased yield) 4a>LisVI S J-^' 

4_Lalill jj^ll ^3 ^jajoiIIj 4j_&Lallj <ajifaj| JJC. "Lljlll ^JCjj (Jj ■ — 

'"'I il ■ axil el.ll (jjjoiaJlj tilljj Alnllj liij j!i£l Ajc-Ijj t_nlLJ jJjlaJ — 
4_ijl jJaJI dlLilij]! 4aJl*-aj tLjil aatauit J 4jiila]l (j^jiall .IjjaijJ j 4-jjjaiaJI 
^g^JaljV ^liia.1 (j-a J^'°"'^ Jj^iaSl (J^- 4 -^? t^^'j^^ (J-ftTAi.nl j 4 jjj^ia Jiilj 

.(Rain forest) 4jjlaJI cAjUJIS aSjUJI ^jiiill 4ja&Vi CjI j 

^je, «Laala3l Ajic-iU <c ll i ajSVtj ^^Inll ^)iai. j^s (JjlalLl (^latJ-J Lu3 Lai 

a^Jt-all f-ljfi. <1>4> /ci (jjJjL^kVI lL^JJ «iS3 DNA SI AjjJaJI Ajliill 

US Institute of Food Technologists Expert) *li*JI Ua. jJ ^ytiS 

:iu3li\l CjULuL-VI Jl (Panel 

LliuuSj t^JJfll ,J& Ijlai. V 4ilal!l oA$-J AjAaAui-all Ajj&VI jl — 

.AjAilaill yja gJll (j^^laJ <aala)l 4-pE.VI jj£l 4-t<u.n 

Ajlijll CjLuAj u^iflll j jjallall j tLllLliaill jjjla-a J. <i i>,> u (jl t ■ laJ — 

LaJ 4j laAui "II AjjIoiJI ^l_axJI <La^/Lu! (JJlaa]l j CllL r-i_aa^]b £Jjjuoill j 

.DNA—ll L-Ujib lillj J 
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(j^s a.ilijjaiVI Jc i4_Lalill (Jj.l3l 4j3 LaJ ^SbtSI JcLuij £t-al jJ_alaJ — 

•DNA— SI '/j *fc SLslli jjc ^aaixll 4jjc.SU "a A ■ ajSVI jjl jail 
Policy making J^xil <LujLuj iaJa^j 4.1 

'ijjjLva ii oSI (jljlJI (_j 4jjI •LuiAi^JI ,j (J^ulSI "LuiLluJ Sa-UaaJlSt jllll 

Sji .-il LaSI i-jlfc alt 4_iaijI£VI ■ " ll il J ' '*' °^ ^-Lkkll j ill! ajSaJI ^Jl i a^j 
^gjoiLoil {J£.u'u _JJJJ p jjJaj-all (jl _jV (jiliillj J^aJI qa (jJ-^C 4_j|j2 J*-J il" ^"'J.'^ 
4 l-i.nl _aJ Ja*-/JI -jolall a. J^U'V'l 4_La jSaJI Cll»Jjjij]l j - Saill 131 La J ja. 

CjLuftlSI *-a JUJI jA La£ "?i-jL»U jJill \g 4jjMj ■»( iDNA— 31 ' .ijniIj 4jlil 
t _ g ic ajjaSI jLu».Y 4jjJajl (JSjjj 4jjIjjSI AjoiAi^JI ajjll (_$aSI (jilaill (jli i^^p-Vl 

2Liat2i-Ajc.La±».l jjjLx-a j (Socio-economic) ^jL-^l-4jc.LaiJ (j^ylla JU.jI 
il . *j| jJI jLa-allj ^j-ajau La ^ j 4^a jSaJI CiLuLuull <J jjjIjII (Socio-cultural) 

Ajc jjSlj ^LoiLull j 'ij J^JI JJjLt-a (jli (^jl^)]! jL»-all) aj^aSI ai& ^J^Jja Jl 4-lmiSLl 
cLpLaJila j alia alt 4jj.1sJI Cjlijalil qa (j-al£]l ^>iaiJ! JjjaJil Loja.j 4jil£ JJC. J»l 

.4j£U.Vlj Ajc.Lala.VI CAAas all slclj^i j-a JJ V j 

(j^i .laJI J IjJJ^ Ijj j ' . w " ^JJJ^I p^jj-ia_a-aJ 4jjlLall j 'ij^all aiA q\ 
' "'^ (j^ J '(jr^^J CS*"' J-)^ (JLi-aJI J 4jjI j_ail 4 i u 1 1^ SI (jjjflai 4£-^ui 

(j;lL>La3l" .Lujjo; Lojaj ■ ll ■* j jjIjj ^1 ^ llall~^ j Ja SI J 7- all ^ A_ljl jjll 4 1 11 ^ SI 
oiA IgljSj JiSI 4jjjVIj tSoll (Jjluij (j-a ^jl jiSI I jljal ^SLtSI J _ai. (jjiUll (j-a 

S^La liSLiA AJjIjjll AjLii.%13 4a±L CjLajia Jc AllaVI j-a ."Ajj^JI AjjJ^JI AjlalSI 

ojaJu caill cs-^j*^ <-a^aJI (Erythropoietin) ujjjjjJijjVI 

jj_aiaj _jA ~g aSI "31 jj| La£ 4^j£joi1I ^^jJaj^al (jjl jjoiiVI o^Laj tj^ll (Jjbi«J 

(Jjijjj3 j (HIV) ' ; Lui&aSI ^^cLiaSI (j^akill (jjjjjja^ 4-a^-a (_pal j-al (j^aji^aU (j^a 

JSj t> glliSI dj jUll i . nVn ^aLoli La ((Hepatitis viruses) ^^11 t_jLplVI 

Bovine SI Lg ^naSI j-alll jj^J* ^tljj JV Jaa tAcljjll JU-a Lai .^1 
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t <jjljj]| Ajoi.%U Qj»^liJ Jj3 ija SAjii ^jjajU-a (BST) somatotropin 
(Chymosin) lSj^' ?1J>*\ aJLjUI (juij (jja. J 

t(J^>l£]| dLm-^all (Jj (AjJajlaca 4_jl (jj.lJ lilljj i (j-Uajll .lie ' ■ ula SI jiiaj (siil 

'"'^^"'-^1 (jxi 40-45% «j AjjI jjll Ajai-li^JI 4_lajuil jj gUlall jjjjoi jAjall (jl Laic, 
^^ill ^jJa^)]! jlLVI (_)_&a£. (j-a (jjJ^/La (jc »\j«lmV I ^aJ lillijj 4 jLj-aVI (jjjJ-'JI 

. UiN j ^jgiLiuJI .ll.laj J IjJ-^ ^ji j'a^ti i wU, „ JJ Jjja.1 

(jjjLa Je ^_4*ia_4-a]l jjl liLj V ?4jjIjj]I "Luo-li^Jlj VqW"l.n\l AjllJI J AjcIj_)1I 
J j 't^-alaJI JU.o3l .J 4-aUJI JJ 4a.laJ Lijlfl iAjlc j .^WoVI Aib lij^ 3 

^jj i a Je -gjunLjil (_J^iij iaiuj (JJJ jjl (j* A*jl ^'-^ ^ <jaiaj Cls3 _j]l 

■ eAualt diLuSlH J f.\ jia. j 
Areas of significant public concern JjS jjjj 5.1 

AjjjaJI jUx4 *L«j11a] 4_a^ui j2| Cjl LaJI 1.5.1 
Antibiotic-resistance marker gene 

UUa Cjlj AiiLull L£UJI ^j^JI d/jjj JUjy aJUJI jj 

V jj tALaluixJI AjlaJI J .Ismail t-liS^JI dljj-al! 

f.la!ij|j j;U-aJ J 4jjt > (J£.uLjj tl_£>LaJI (jxs Jj.la-a J^C. J VJ flJJ 

jll 3KuiJI a^A Jaajj 

"ajjjl j" (J1.aTAi.al Jjjja (jc. aJa 4AlJa jjjaj i4_iis!i]| g a 1 j"' 

CjjjaII Jg 1 r-il jail j t ^ 1 1 nr. Jus jl Ajjjail iLja^a 5_a jLLaS) 4 ni <i Ai^a J-aaj 
Lplail Jaai j*r.<u..u Lxs I jiA .AJjUill AjlaJI JJ JU-jVI ij3 ^J^aJI Cjjj-a]! ^jj! jJI 
j-aJJ (jl j'*' 11 a cJ^'J ^joiIjII CjjjaII ^-a ^JAaJI L_ bai^-a^l dlj_aAll 1§j3 <Ja.J jll 
JJC. L£iLaJI ^jialuiJ V 1 ajjj i^jja. iLjaa Jc. (_5j!iaJ Jl^c. Jajoij J 

(_gl i . mL V ^jJaJI 3l ■ a^aJ ^jlLa]l juuiljll (Jjjj-a]l (jj ._aAi]l (j-a i_JjC.j-a]l 
4-<lu:Ij]I Cllljjj-aJI jjSI (j-aj .Lliljj <U.l*-a]l Al±ll\ A&ljj (JvLa. laaV JJ^ 
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A-ajlLa <L*a (_LaJ ^jll IltpII H LjIjj Jj»-a]l CllLull Jli aaJ J^U. VUtj...,iI 

Jl jiiilLj .(Neomycin) jj-jL jjjj (kanamycin) j^LLS AjjjaJ! jL^s 

Alljlall 0 J& JLuUjJ JJa.VI jl£ i-ullaJI ClLa jla-ajl Jc ^gjJaLall 

. (_£jlaj Jj. ^- ^IajV Ajjf^ all 

J ja. j-all ^..'JC a e^J^VI (J" **,'JS ? "1 '"* *'"^'' j-a Jl Uil JJ (Jj»-a3l ■ 111 ill) 

(Antibiotic AjjjaJI t-jhU>M> A-ajlLa J s^Laj < jLuil 

UjjjSJ! jlia jj jj Vj*-« tibj i^iuu i_j jjtuJI (J resistance) 

i_n*JI (jl ■ . UC.VI j t^]L*JI slajl Ja J ojjaila oj&Ua AjjjaJI I " 'I il i <a aJ 

tilli £JJJ tUjJJajjl jjj AjjjaJI AjJaaJ ^»jlLa]l Cjjja]I jlaijl jA tillj] (JjjLmVI 

.ajjjsJI jL^xo JLwU (_> ^cjUII (Selective pressure) etaiiVI ja»..ja ajLc. 

i jjajAll i^jjaJI M ■ *\ ^jlLall ^juiljil CjjjaII jl jVI Ajlx] ' "'J* J aT 
jl jluii^n eLval J OJja. J-a Aja. Clljjla Jl Jsjjl J3 tUjI Jj aJjxaII diuuill 
J , Iv.ll Cjjja. ja] .Al&lajj V jl ■ . lajj t(J j»^aJI J alia a lillj j^j • " jljJaJI 
AaJ jJI CjIjjjJI JLvllJ jC ' £13 jLj j^JjUa 2006 fLJ ^JJjVI jlajVI 
<lljj Jc jVl ci-aa-M 'W^ 3 ^UiMmafl AjjjaJI Cllljl i <LajlLa3l 

j^i j . LjjIjj Ajj«-a]l (Jj^ala all j-a AjjjaJI ^Lja-a) <La jlLajl 4_ajail j]l CjIjjjaII 
A-Laa j'^j Cllljjj-all liilj Ajl jj Jc- OJJJaJI Jjjlall JcLaij jU (_pajjaA3l 

.fcjiS Jl UiLiaJI (^>ll DNA—SI 
Transfer of allergens jikh^'H cj| Jliijl 2.5.1 

J^aaj (FOOd allergies) 5_a*iaVl <>a»J ^1^ 1 J (j.m^MI jl 
jLli.VI a J jj^J «-l^ill j-a A m n o^La lua ^^cUaII jl^aJt tiljiJJ La^jc. 

jjj jjJI ^a la^La Mr <i dll jAlA jjjl£) jijjjjj£j!il£ jl LlijjjJ 

j-sxkVlj t jjjiSlI JU J*Ai Ij^ai- AjjIiiJI A j. u i L . i aJI JaJa .(Glycoproteins 

(Jjij j-a (_Sja.l jLaJj jjaJlj (jjjJI j (Peanut) ^JjuJI (jjluill j-a (jjtuiaj]l 
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bU. b aj Uclia jlclij oaj^c CjVU. ^ i . u ■ jeill (Tree nuts) aLU! 

Uub jjJJj giiall c_a^ ^ CjLajl«-<JI jli aj!& j .(Anaphylactic shock) 

(^ja.1 4^a. (j-a .^bjjjJI (jli.iiflll 4 i ^il j 1 ■ lAjjla all lillj -Jja-J ^-»ialj (J^joU 
(jjj Jjl j*]l l--*-"' JjLa. J£}*jSI AjJlt SjUS ^'jj AllsuaJI CjIjLuII (jli 

4-lfuU J3 La-a tAjjlaiaJI t-iLu^aVI jjj £JSjjj1 JjLa. (j« liiljj (Species) fc\ jiVt 
(jJJjjjII |j^J (jS-aJ ■ "'J^ iLjiil jj aJjxaJI AjjC.!>U AjiLial Ajiij jjj SjLa (Jla.jl 
aJjxaSI CjIjLuJI (jLuU ^jjjjJnil ^ u r-il jaS t^ll^Jjobalj A-lml i aa SI ; > _ iu.mII 

. ijjlla ja.1 j laa a (^-P ^ jj (j^ U *^"'^ °J^-° J"° (JSjJjl (j-° J^ljll Ljjljj 

IjjI jj aJjusjiII dlljllll] ^jaJHaJl J£ Ajjjj j»J -J3 j tft.VlT a 4 j\«r- sjsA jl liLoi ^Ls 
(jVI (j^. L?V ' ""' ^ ^4 (Jj^SI (j- 0 A? ^ I J^ 1 ' CS J' ^ A.1A&I ^ J^ J- 8 ^ eUafrV 
.LYNA SI ' . V Ajlaj (jxs A^jL) (jjLuiajl] a JJJ-a jl j-a jja.j CjVLa, 

'ijjilaSI ' '.f'JJ.'^ .' t — 'JJ*-^ ^J^-j ** '*' 1 "*" 'S^JJ^j l — ■^ £ "' J^ J-" 
(j*aJa.jjJ! ^aJ jaS .AjjIaiJI jl j^ll l$jLa.jj Ait (J£Lia ■ J3 ^jjll jl AjjJ maJJ 

(jjj 3a CjUI jjaJI Ajiijl StarLink™ ^J-j as jj*-all IjjI jj aLxaJI Sjill JLaxl^V 
j-i (ciil jJoaJI JjIi ^jlua (jjjjjj) Cry9c (jjjjjjSI j ja. j] lilJjj 4^ jjiuSI t^l^iuVI 

f.ljj| 2 ij\U^\l <c jjoillj (Jj. as all 3* liA A;La£ I tSaJ j sAjjjSjj 

dilajlall 3^ J;?jS ^Itjjlj (J.la. jijl Cjljjjjjj]! jj.iiS.tj tjliii-VI 

jStill glla jJ StarLink™ Sji ALIS CjLLaS i"iU..-.,„l Lajjc LijIjj Ajja-all 

joe (Aventis) aSjAi jja.Vl jl£ t^^LJI j^Ijj .Taco shells 

1— Ut-i oil (j-a ^ li ^il jj 4^jjiull ..N 1 a , ^jJ jjc. Sjal! (jx dll a!lla ^jjaij 

aJI£j dLali lillj jjj ^^Sc .(jjjjj^i (JSjjIj (Jj. ala all jjj (Ji-aflllj (Jjjtllj J ^ utOjl 
^»Luia.VI JLaatluil ^Sc- Axuxj uS Aiijla jjjlaij US FDA AjSjj^sVI 

Ajjlla Cry9c —SI ojj jjj sUjI ajjjLuuJI jjjaj] (Antibody assay) SjL^xall 

.(jijjjjSI logj l-i i"i j-a ^ aj (Jclij t_Jjja. aJC Aa-uill ClulSj < * lajl i '-- dll ij«J 

jjc LjI jj ASoa-aSI CjUljiJI Sjjj-a sjJi j2 StarLink™ SI J. ~^ La j£l j 

:lg_La 4<La^-a ^JjJalj^i sat «. j i all ^^^aSI Cj3 j]l (juibj 4^»Ijl3I ^1 jll 
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4-IjLjJIj Ijjljj <J-l*-a]l j! jjal\ (jjjjjj] A Lajl i all CjlsUJjujjll j alajlt jj — 
.Ajil j Vj ^LiuiLLa jjc. 4jfLj^VI a lalLaJI CjLjVjII 
<_Jj3 j-o Ljjljj CllljUill JjiJ Jjljjll (JjJjoia JJC. ialju <i!U& — 

. (jJCjIjaJl jl dA£jii]l j aa J 

JJC. bjl jj <l.l*-a]l I 111 ajj all JJ-aJ (jjjjuij jiUaj jJjiaJ ■ ■ lliaJJ A SS a — 
.4j£jj*V1 SJaJxll CjLjV jJI <J 4-LiLi <J JUt_i..,5U Aju^jJ! 

. t_J_jjaJI jl-la] <a>Lu j-a 4-a jjJ — 

^gfcl L all ^Uaall jjLalaJI (Jj3 (j* jjjjoullj dljljall iLajl l_l jluil — 

.AjjjaJI ^jlijll Je jSjjJI 

.^1 jjll Jj^uJI <jlij ^ C;? jLJI jjjhll - 

a3 Iajjjjj IjjIjj aJjxaII t_jljjl£l! jLuij ajjlstll 4jjlaJI sjA jL (_|alj 

^tlij CllSjJi <4jjjaJI Ajlajll lljlSjji ^1 tJLa-all Ij$j AlA*l\ CjlSjJiil Ijlijl J£Ji 

(JLatHuiI j a ■ <aj t jjjl jail \.'°'"'J 4jilja]l t _ 5 JC jAaUtllj jjc-jl j^ill tjjjjl! 

■ 1 ^ q i j, .i") j IjjIjj Aj^3<-ttll ' 111 aliajt — Jc LjiLSa Ijjaa. tillj .''.'ij » >ft 
lutjj 4jjvaJI CjLjLuJI j^s ^Akjl UJJ^ JLSjjI J jtw&jl 3.5.1 

Pollen transfer from GM plants 

(jla 1 i ajl liSliAj iUjIjj Aj^a-all 4jic-!>U ^ i all jLiu (jlS lilljA 

4jLa»JI <uiljjll CLuu aal' .liiljj a!ixjA\ CAjjlHI ^ a UJ Ajjjj j^ j ' al J ( Ll ■ j-o 
iljjljj Joa-all CAjjII ^gi] ' aL-a^l tjj,iajl Cj'jj-ajl Jlajjl JLaJaJ Jja. t-JjLaallj 
ULLui 4_ajia]l Jj^aU-all J£ jLjc-VI jJ*-J Ijj .<$jjjill AjjJI (-illuaVl 

(Jjjia jc. CjIjjj^ Jlijjl (J jj aa Jc. I^a. AjjIS AjxoI c^JUa jli 4jAj1sj]I (Jjlallj 
A gj^ S 4 i ' 111 ^Lj^l j 4jtJjia jj lill^ ^jLiil dlljj]! lilljj t^llalt t_l _^Ja. 

."(Wild plant) ajjJI lA&c^\ A^y, (JtiL j^L Vj t j jjISjII 
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(jA*-all ■ 111 llll (j-a CllliVI j\ t— iLjicVI dllAlXa <LajlLa Clljj-a Jaila (jl (j£-aJ (J* 
jLiliVI j ( _ s Jc 4jj^3 igk o^aj I ill " a 4 g Jl uj a <Sjj^a2 jl tliLij ^1 IjjIjj 

(_3J_)ia (jc ■ "'I ija 11 Jaili La Ijjlj <Jj^ (j^a Aj V ?o_)IaJjaiSI (jc l)^>J 

*jJa jSI (jl jAiUall j tAjjLiic.VI t— Sj^lall 4^jLiLa]l Clsljliill jyj ^ILSI M Jf*> 
i jS^Aj . (JlaijVl ^jJc i-Jj^- 2 ^ '^'jJ ^J- 2 *- 4 ^ CAjLuSI <Cuij jA 

A \\ ^» \\ 4_AaAj]l (j-a (j^Sj < I J^aJ ^1^31 ' . l^ja jj£ CjliijjJI Jlilsl 4jjl£J liSLiA 
.Aa^n t " ll t n jl (jjls (_^l AjIc. L-JJJJJ V jL^Jj 1 1 .la. ^ JJ ■ <a tilSj J I tjj^j ' " 
^- iaaJ AilJI bojjij ^gjll Ljjljj <S-l*-ajl dluLul! (_J£ jli lillj (jxs ^C.j3ljj 

.tiili jjSuJ (jib Jluu Sjal^aJ 
Pharming ^VJ^I tei jjfl 4.5.1 

t—lxj all jpi cJ*-?^ ^° (J^ 3 Sjlc - 1 aa SI ^ .la.1 jJJ ^^iSI 1 ■ fljl la jil 

j'^J jl£ ((JjjLuJI ^gi . (jJjjouVI (JliLall (Jjfu (_ s ^ c - '4-}jl J '"^..'""V 1 g i a^l aJiuil 
4jj^JI £-a ilJLa. .^.iSI t^jjj jl ^1 j-a"VI »l i *-"*-! J& CllljjJj_)i3l tillil ^gjoiLmVI 
llll \;"'Jj;^ lillil (J^joi ^LjjJ ^ u <il "Loj^all (_3_)ia3l (_Ja-a Cilia. 4jjIjj3I 

(jLuijVI A-ll^. (j« (JjJjolaSI CjjjaSI <_Jaj (_£>La. (j-a jaJJj .oJ!j.la-a jjc. Clllj <& Jj 

(Jli> tLaLaJ i^Aui gllaSI lAA (jl . (JjLa.liia.^U Ajjujliajl CIiLia^Hj jijj_)JI ^tiij ^^lc- 
- 1 i iaC.) (jx (j^-^ aJLuiVI "ULa. J' Cljl£ ^^j]! t4j jLJI a^iaa SI jl j-aSI (jxs 

.cjlj-Vl 

AjJajCj '^J^J 1 <al J^SI J^l lW 
^jjVAu-aSI Acljjll ^iLLu^l AjSc (jllaj j^ill tAjcljjll AjjJ^JI AjlilSI (JJJ^ 

J jj^aa. ^ jiall j^" .soiLa AjjV \u r> jl ^jjj LSI jj J^xJI CjUjllfl .(Pharming) 

<jj_&jla]| Aja.lj]l qa j^Sj ."^uilj Jj^ 3 ^ c?^-? U^-" 1 ' jj^J 1 " L^ljJ Aj^x*SI CjULiill 
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.4-uV \u nil AcljjSt i-a^-J Jljjil Jj-^iSI J ftliil] i*Ul CjLuSI i-iliual 

^ ' J- ^"'J aLajA^I j£Sj tAjjU 4_uV.llJ-£ill AtljjSI CjIj^j (jliT jj 
4_jj1Iia1I ojLall ^tilJ jl ^ jU-i,„j ^ill L-bjil dlLull jLli.1 Jc jjJalaJ Cll3j]l 
.4jA»j1I ^Uaj J (J^A! <_£^ CllLulS Cjjlj jiai. (Cl jjJ jxs 

LjIjj 4JjjuJI cjUjL^I ^j^a>» ^ 4jfcUI j 4jeLu*l JiL-w 5.5.1 

Social, moral and ethical issues with plant and animal GMOs 

4-aiLJ J J2» LijIjj <5.^a]l cjLijl£]l (jUij Jjlall jl£ ajI^jII J 

t _ s i£>laJ ^ jlui«i Jc ja.1 JjJii i^IUa J ' <ala SI CllSjll ^ j£] j iAlullj jluij^U i alt 
^j]| i lil II oJJUu-all CjISjJoII j] . jljall jLajl AjlaC J Ijj-i ' . uuj (_jC.Laja.lj 

tiAjLull Jc jkiuu (Agrochemicals) Acljjl! «.L>aja JU^ J <_L»j 

j\ ajj , „Nf I <jJaij] AjIIc- ^LijI cjj^ 3 *' ^y-'-'^J 'Lfcjji: ^ijjcall 

jjlAXJxuJ jjiSI jjC-jl j-aSI 4^**SI Cjljllill £rljjl J' aaj Lax c4_la&Ul! 

4 ajSc. Lul jj <U.i*^il! CjIjUuII jj^j jl" •»jj2 jll ^LijVI j-«_>j ajc.1 jj jjLuij 

JjiiSI ^Ijjj CjI£jjj (Jj3 jx Ajjliic-I <LuijLa-ail s^A j£] j .Ia jjSj jl p jl jxll j^L V 

V {flUI (Fl hybrid) J jVl JjaJI j* <j^a ^ SjL>il] ^aaiall jjiJI jli t3-oL& 

(JS J dll£jii]l jx JjiJI f-ljji Jl <alaJ p jl jxll j- a j La '.lia. j£.uij Jjlajj 

YjjLa LoLa IjjJjx j a i iaJ 4_iLaaJI o^A jl . l_J jila,a]l (Jjj all ^ ^ ^jjijx 

Luljj <U.l*-all CllljLijSI jli i__£ja.l "ig-a. j-a . jjijll s^A ^L^jJ J ajxJJ — SI dllSjjuaU 
^jjuoaJI iLjaa »ljui Jc lal£ I laJiua p j! j-aSI (J- aJ j^*^> J liJ aJ "LajlLall 

fLLaUSI (Jj^SI J JJ^JI pjl j-»SI 1 "J jl (J-ajJ (_gjSI CjlSjJaSI jx Ljj-^aa. 

.CjljjJadSI lilli jx H_JJjall (JjSlmxll Jj 

^Laii.1 jjjIj jj (Sustainability) ^UJ! j ajJ j-ai^VI ^ j^la jj 

O jla.^ Ajla-a oJJ^a. j|j* JJjiaJ fj t JLLall J*- .A^alill (J j^SI j'-— » 3 
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(-JJJpJ iSj .(SllCrOSe) jjjS.mll ja ojjoS L_aU.^lj Jcl Ajllxi Cj|j> ((jllall 
jAiajuill jl jajjllj jSjoiII L-Lk^aS j^i ^sjIaII jSjoJI (JjjJ £aJ jj tt£lli Jc 

<SLLjj ajL*. aj^Loj <Lal ■ aoSI JSLIoj ■ . ■ -'j jS L<ui < (Sugar beet) ^jSjoJI 

j^> i . ula 11 ^tijj s-^lj J* J^l JliLa j . jjcjlj^ll jjl^JI ^l^jj J CIiIjjt , j 
4jj^JIj gjiall (BST) c5jy jaill Clsljj-oj£J jljxluiLj jlLVI jaa. cT>La. 
jj .4-i.iiai.la31 Jc ^JjJ3 ^.1x1 jjcjl j^ll jLu^al CjUjt i (jjla. La li&j tAjjIjjll 
^jjjVI jlajVI jSl j ililla. A-£jj-aVI S^laJI CjLjV jll J AjoijL<ui1I oi& 

. IgillLj £_La j AjaijLa-all oii, L_s3j Jj Lilla. ^T-uU 

pliill jrtijj J j Ac I j jll J AjJ.laJI Ajlsjll jLijjl jl £3jill j-a V 

llA j .AjLalill Jj^ll J 4 i ^il -s jaill (_g jlma -AjJjl LaJjj tAlUaJ A IS uLaj ■ ■ lfi alb a 



^j*J jll I 111 Ima II j ^jl jill jjj (jjajlll j JJ-aVI A ilia a ^J3j ^o&lia ja.l.5jj 

JaxJI A " ia> all Jjjll Jc ' . '-^j' iAjlc .^jLuiaII £-a AjjlLa jSS ^""'f all Jc 
UjJ *' ■ ""'J ^J lillij iAjlLall j AjjaHI 4_ia.ljll j-a A_lJjll Jj^ll jjjlajj o^cLuwi Jc 
I alia a I j-al I jJ J J*ill IjijiSlI JjJj ."AjcI jjll SjjjJI si* J aj iajVI 

1 iL^al jjla ^ jjJa j-all I ^1 (juLill till jjj ju j ja all jxs j . J jLuij ^ jjJa j^aj 
.AjjIjjII Ajj-li^ll Qli iaAl lall jjjjjjill jjiuilill Jj2 j-a Llxi!ylcj AjjUij ^JJ 

CllUI jjaJI Jja. jja-ajj ^1*11 J jll (jjlii jl Jaa.!>Lj j 1 aLa II CiS jll J 

dj J>a JLa.jj ^ jll CjLiI jjaJI ^j (Transgenic animal) Luljj a!j*JI 

J3 .AjjIjjII Ajjoii^ll ClLliaj jjc liilij il&LLyLa. J j^l ^gja. ' j-a JJ^a. 

Cjjj^i jiij Jljjll Jj-^*^ t>° ^ jjll '^^-^ J^-^ j- 0 J ' J jll 

jl ^IjiVI jJJ AL^alill A xjllall jjljl jlll JjuS AjllLaJ jA ja.1 Jj ^a. ^jj j-a 
jLaj^al AjjjIjS Clllij A-a^-a jaJjaJI lillj jl jliicl Jc ' d g jl alt JJC jjiUa-V 
jlLalxll j <ai » J ^jc AjjJa • aSlI Ajjoillll jiaj A^a.j jx LailJ .^1 jjVI Jaillail ^>^C 
ojIjc VI J* Laj telja 11 AjjaiJI o^a.jll jii«J CjjjaII jji iAjjjjaJI f.Lia.VI J 
Jllj-all oi* jjj i(AjaJI Li^iLaJI jS J Aa.ljJJ 1 (g 1 ajj (^j) A Jj 1 iaC jl jxi ^-aaj jc 
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Aa.Ua. jjjj ^ ajlaill oj^J (jjAj^al! jjli (Jc elij . jjjjullj JjJajll AL15 

£-1 jj^l (jJJ ■ - )1 ija II (Jjj^j J cJ^jj c^^jI J^' <J AjSvLa.VI (JjLoiaJI f^^j 

^Ijjll (JjAatilb jIjaLm^I <j-« jsJI (jc- <jVl (Jf ^ .Ailia-all (jaLlaoHj 

lAlLaVI J <aa J a» j j ' "'^ jl Jja 13 

(JjiaJ jjkill Ja-lj- 

^auKill jUll JJjlaJ (jj .jUaVI lift Ailia-all CjIjjjaJI jjj a^i j 

SjjjS <ai3 jj jUaj^ul! j^j* aJ jj <-a^j (Oncomouse) j^ jL« 

jlill jl Soja^ti (jSlj .(jLuj'yi JJC (jUajjaJI ^!>Ui ?.ljj]l JJjiaJ (J 
(JSjolI La iCllLuiljjJI OJ^J 4 7- JJJ '-Jj-aJ "^J?-^ iS^^ (j^J^^ ' ■ ^ ' ""^ 

.jilaill JjS Aj£)La.l AlLom 

t>° aLjJjJ lilLajj^lj ClAjljJaJI _a-aj At Jjj j j > >v ^J 

£>j* JjSJ j_Jia J ja. Ua JIjjjJI cs^yj " Aj^aLaJI CjLuaJI 

.f.\'^jtl\ <LiLu LjjIjj aIajlaII eUa/tfl 

Lactating ) A^LaJI CjUI jjaJI ,J J^j ajL»c £££ -3 

tilli jj jj ■M^ C, V ^ ^ t^^j (animals 

A-aj3 till j AjjjolJ ■ - 11 lp jjj ^-LlSLa ClljeLuij CjljljJaJI JJJJ AjLa*JI 
I g i ..I ^jj AjjjouJI ■ " il jjj jjJI 0J£i ijLuuVI A a ■ *J^ Sjjli j 

JjjaJI (JOu ClLaaiall ooA jl ^Jj AiLiaj iljjljj Jjjtxdl jljJaJI I ■ ula 

jj ^l»JI (.slj^l J-^?-^ ^y-^y^ l^& ^ J •fj**^ 

.ojjuLw ^jjiall plikJI Aiuilui c^lA^luij V Lul jj Alls-all Cllljl jJaJI (jV 

^jAJI cjjjJI JLkjj ^ jaa tjliall Jjiu (Xenotransplantation) 
(Jl Complement inactivation factors jii jjJI jc- Jj>^l 
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liA jli iAi "% .(Acute hyper-immune-rejection) <c 

5jjj_jjJaI! <Lijjoij]I - I i <a& jft ,j (J aSjil (_paj*J I " Ua J g-^^iSI 
jLuiiYI Jl JjjiiJI ^- >L-ujJJ3 Jlslil (JLala.1 jA Jjliall ■ ■ ul 7- SI j£lj .^jjll 

.BSE 

.JyJI cjjM (j^j-n >«il J ^ 2...u (Biomarkers) cjljJiy ^UjJ -5 
<ljU-a j (_pajiJI li$J (Nematode) ajjI-iJI jljj^JI c^La»iJ 

(_>al^aV 4jLLa (Model) £ j J-ajlS Lfil Jj 5JAa-a]l ClLI jjajl JLajtLd ~6 
jjalaaJI .iLajV (Jlijaall j i_!jLaa]l f-lj^.1 Aj*J lillij 4(jLoijVI lie AjjIjj 

. j^I lU jSl! J 

4_Lalx]| i'i! jjWtti o^A L_sl.l&l (jl jj^)iixJ (j^Ull j-a JJJ^]I (jl j^- J 
jLij J°/°^ jc. jj^*J jj^>i.l lilLiA 4-aj3 dllij AjjjjjJa 

Aj& dlljJj-aJI (Jj.l»JJ ^LajuJLl (JjaJI US <_1*J t tllljl jJaJI LgJ (_J^l»J jll AijJaSI 
(_5jall jjjtJi]l _a& ^LxJI J JS (— mt-upf I (JjlaSI <jj ■ jLuU^U 4_aJj^a-a ^jjSaJJ jl jja. 

J jLiul cj J>a Ji^j La^c. (Unanturalness) l^^a 4»nkll ^ UjL 

L-Ixj all j^ ! jLoij^ I til J_a-a ^LaLa. (jllxJ j _a-ailj Jl J_jSI 4j j ji-a jjt'ij jl jja. 
^^A djj_aAll I g lajj ^^jll <L all ju SlL jl jj ala all jjc. iaJ i iuSI jLoijVI 
*SUf^ dll jJaa SI pLlili ." jl j^aJI <_Jj jLauVI i_>"^ ^3'"^ jAi^aSI j^Sj tAjjjoU 
(Jjj_aAiS )a» a]l j'^-li j^i ojjoilj-a Clljj^iSI (_Jaj ^JJ V t^lj^l Jj^Jtill 

J DNA SI ^Luiil J^U. (jo ajLuJI ^2 Lajj tjjiUa jSJjj JjSLhaSI jjl£ll 

^ i nill j^c. jjjSj J Aac-Ljax ^jj AiljiaSI oIa i(Iii-vitro cloning) 4-1 jjjVI 
cjjjaII <La.jJI oi* ojlt — Jsill jja djjj-ail (Amplification) 
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djjj^ll (Dilution) ■ "^'j J^j ^ JaiJI si* Ja -LjJjSjII J 

DNA— !l jli ajIc-j .c-a»-.-b 10 55 t> Jsj V ^ui (jLuij)fl ^> iji.LJI J^Sn 

(jjjlia-o DNA J-aJtLuJ Lajjj t JjjLall ^gJ] ojjilixs J,atJ1i,»u V J^aVI 

laak (jljJaJI tiliaJ (JA (Jl^^Jli tj^adl ^Ijlj^aJI (JL 4 ^- ^ J^aj-a (jj 

(jjia. A-a^j-i (jjiii lilLoJ <S , J , \l j Ajc-I CjU! jJaJI (jlj (_pa*JI ?V J 

( *jukaj (jjlj AjjoiLoiiJIj (^c-jll -i-la-j ^-SJ^ (j^j tAajLajVI JaUjII 

(ACNEP, Advisory Committee on Novel Foods And s^jaJ 
aJa^I CjUI jjiJI f.\ Ja&V JliiJI JLmlIuiVI jLij aj&UJ jjjU-o Processes) 

!>l!La) (J^jy ,>aJ Jj (j^VI <a« j .lie aJ£I ^J^z (jl JJa>. (j-o tljj_a-a (Jaj — 1 

.(j;U»LuuJI j -i_4^;i^ JfrLbji* ^^a*J L-Sjjjo (<ajQ Jj jjjii. (j-a 

(JSj AiLa. J La£ C(J£!iU (Jjli A_aaJ J jja. Jj (_£jj^J <— lJJ-a JLaOj LaJjc — 2 

Jj (Factor IX) ^ill Jia^] J^UJI jij jjj jc. J ciij^JI 

jl tK? 

.«.lixJ! AluiLu J Aj Lplij 4 Jf&U jjlall (j! jjaJI I^A ^aJ J,<«1luj 

^Ujj AjLa. J LaS) JSjU JjIS Jj Jl jja. t*lJJ-a L&J La-lJC- - 3 

iiaaS Ajiiaj Ajj^^l^a (_>ialjC.Y - laOjoiJ £s2La]l jli ((dlLaAalll 
J AjjaO ^jlij] jl jja>. jl (_5^)juU AjlalLoba dlLiill I^A (JajUjuiiJ 

^_jadll (J£l (jjiil (_>saakVljj ijjjjLiill A-k^La if-lAill Aluilm 

.(Vegans) Ajjl jjaJI cjllLUI j 

J AjjjoU Cllljj_a^ Jc- j_$j!ia>j Aoa>, (JLaaAuil J jj^alill J^?u V — 4 

Cjj^o Jc. AjjLaJI ^..'JC ? (JliLall Jjjjoi Jc-) CjljljjaJI 

(AjjV lb all (_paljc.^U ^jAJI (jJjjjiiVI 



53 



^gjll 4_}jl.liJI I 111 Jklj al] LaJjiJ j IjLj £Xa ^ - i aSSj (_pal JJE.I liJliA (jjtil 4_j| jjij 

^aJ jl .IxJ (_)ji_4ALa (JS uij tilli Jai._al -iiij) •( ; 5 J > i -*J *— J J_ 4 ^ 1 (j -0 ^ ^ ' "*' (^ c - ^Tj"'^"' 

j£l ot jloamVI jjjsj j£] j .(Gene copy) <i>L.»ajl jl cjj^l ^Aa 

Clsjjx jx 4 ~- ■ aj ^^Ic. Lliljj (J^*-al! jJ^I j^ is^ '(lS^)^ ^i^i 

gcjifljl <_£>le. I _ S ^C dlLa _al»-a]l jai ?-i ^jJa! j <_J^-JlJ lillj ^1 ojLuj'V! jx 

Genethics 3jjI jjJI 5^%SI ^Lbul 6.5.1 

Human jl^")/' £j>*a] tPj^ lUIj-^I ^> 

tdljA (cjLuu^JI JS3 jcl jail JuiLu jjis^j ^ > ajjj ^ill) Genome Project 

<J jjllll j <--1 ala>Vtj ,\)».^i\I ^jlc. J-iaJI j* JJJ^ll jllj jlj £3 jJ 

(Genetic ■ - i SI <Uaijj-a CjL^Ijj jx ^ib u' ' ^ 1 j 

^^iiaJI ^a]l j t(Genetic databases) ajSI jjll cjLa jk-JI jel_»a j testing) 
Ja.ljAj Ajjil£jll \pL*l\ ^ LS ^1\ jrM*Jlj ^Genetic screening) J-Lill 
*L_bc.Vl Jajj t (Cloning) AijKll j t (Germ-line gene therapy) <Jj >aj 
AjinaJI ajc^?JI Jajj (Xenotransplantation) c_a\_L^aVl ju 

Jj-ia. jJiil t| _>^*JI J jjiJI jl jjsJI (> (Embryonic stem cells) 

Ajj^JI ClU£>U.I JU-a <J JTJ-^ CjLuIjJI d^A ojjjj La J£ alft J*^ *ij -(4.1) 

Lff ks±x tsj^ft j» jj#?JI 4_J ^ J^^^l jl jja. .(Genethics) Aiil jjJI 

(ja JJJ^ll ^^>iaJ 4 a (_J*3 Cjljjj f.li»-al jljjjl JLaJ^I jli 4 CllLj J j Jjukall ja 
' (J aa CjIjj_4x j£ CllLa _al«-a]l Ajj a^aj aa j Ajjjuj (_J^-a jc a % jSLall dlV^L-^l 
1 g jl uj j-a AjjI jj CllljLuaU j CllLa jjolaJ jaLiall Ajjl£-aj ^^Jc. ^ala all Aial j-a ^JUj 
(_)^a_4^fl]| jl dlLuilj^ll oAA (_J£ ^^Jc. t_JJjJJ Laj t^jl!ij_a-a ■ ■ Uxul (j^aLijoiVI f^-^J 

.<JLa dllaij jx 
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A • «aj« ill dlUu ajJI j /gC'l a^.VI <j_jj£i]l jl ^j- aJajl jjj toll 

(Eugenics) J^l Uy.^i 



^aia ijJ 1 4 1 «j£ a AjjIjj AjjA ^^Ic Lmi i—JJ^a]! ^ LaJj 

jSxa (j^aja nil j ^3 jj ^j^ojj dipj (Individual genetic portfolio) 

(j£.<uj AjIc-j 4 jUajjaill jl I . llill (_pal^al£ 4 La Q aa ■* .lie AjLSiuixll (_palj-a^U 
j| °N ^jj jlj ^jiisl .13 J .(_pajAll ^j'-iJ ^-^"J ^jL-aj f.UaE.J (jx 

^ij 1 g . a ^ill 4 j. >i^aJI <SlaA] jSjJJ La^jc iia CS"^J-^' g- 1 -"- 11 ^ 

tgkj (j^-axll (jx3 tLa <SjIc ISjLm SJj^_sa]I AjjIjjII (_pal^aVI Cls^Li. 

tjjia SI jl£ I3J La 5ij«-aJ (Per-natal) s^V jil <_Li e'j^J 'i^j^-a 

<jLaC plgjj La] (j^j/^' JJPi * ? j"'' ^ f'J^ CS"^" (_>ia^a-aJI CjJj-aJI !)LaLi. 

.j»jlS5l J _al_a-al] AjjJaj^aJI <ULaJI ClslilLla] Jj^lillj 4jullaJI Lajj JxiJI 

djLa_al*A]l (JtHi.lU J j& IjLuiSj U jjj ^^J^l all t_ij|_aa. (J*J 

(j<a 4_j| jl .(jA_)llj (jjiatill J-aaJI c_ll_J (J__ j3 (ja La oil Ajjlj_all 

i- \ -v , ^-Sfl jjjaiaj^aJI JlcLuij ' afc-j-^l (jc. Ajjlj_all CllLajLt-aJI (jl ^S^- 4 ^' 

o^A j)^] j i i\ i a2SVI j ^LuiJI <^ (jx i . ijlU j&j t( ^JlxJ| ^lliVI C^J^ 

jl 4j^aLi. i 1 g ■ a A^L^-a ^gJc IjjI ■ I ^ . >iq"i Ajj|j_al! CllLajla-aJI 
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jj J ^jjiajj (jl LaJj A^ljjll CjLa_&l*-a]l ^^Ic f.Lij 4jl2j1a]I (j^alj-aVI 

(jj^otjll CjI£jjoJ ^LuuJI ^Je ^JJSJ 4jjIjj]I 2 , ,. \\ CjLjSvLaAj A "*» all jlaJJI 
La as je AjjIjjII CjLa_jl*-a]l ■ . lllaj A^jLaball 4-llLa]l CjLoloj j^3l j 
lillj j jSj i a LaJJ (j^J •*LjaJI ^^Ac j;Lalj]l jl (_pajjflll j J jiatll ^'^V iajjoi£ 
4 aj^j <- r i3l j jSj i a3 lillij ^LajjJI ^aj Ijjj t4i>lx]l i—l^L^a e^Jajjoi jc La.jli. 

■ gilajt ^!>l»JI Cllljjj-all ^^Ic AaJju ^il! ^ilaJI (^jy (jl £-3jJ-a]l (_j-a 

cjVjU-o c^Ua .ajjIjjII ^I^Vi ;r^c. 1^?. La^-a I jjj (Gene therapy) 
(Somatic, non- 4j>nV> jjc. ^uwa. L£Ll!I ^jlc. ^jijaJI (jjfkj 
jLui5 Ajuliallj ajsIjJI diaj cJI j tbj^a^a U.L>j cjSV jSj 'Sexual cell) 

L£>liJ] JLa*Jjul Lai .Lj-1 al*JI (.^l^l (J^J LS^J Lu_J^3 J ' a l$J-a!>Lui 

jjc Lu jjla p jia-a j^i t3 1 ajjjlt jl (j jiall jjjaJl£ (Germ-line) ^...v^t 

^ jj]| j (Jjoiill jjjoiial iajr i >i j At jj j-a A lluil La] V J LeLaSa.1 (J _Jji-a 

.(Eugenics) 

(Stem cells) 4jj^?JI J <j^^?JI L£LiJI ^lAiU JL3aJ jj 

*LLi] J^Vl ^iij (Regenerative medicine) ls-ij^I ^JaJI ^ iS^j 
^cjsj jSj 11a .LaA jjc. j (Alzheimer's) jlVI j e.ipc ,_>bl>a! 

Therapeutic ) ajKIIj ulS *LicVl ^L^b jr^Ul ^jUI LSUJI 
HiLaa. Sj£a]1 jj Lia j .(Transplantation) £ j jll L^La*U j (cloning 

t _ 5 ]c jj^>i.l (_pajl*J LailJ t»L a&VI f^jj (j- 0 jj \.'°"'' " (J^ 3 L>° ' ^ ' J 

.^ajA\ AjjouIL AiSLJI 4lLaAl IjJaj 

o^J j'-— A\ Aic iajLJ! (jjiLtaJI (jl A;liij]l j (Jjall j-a V ''j^l J 

4j*SI j jjc CjI jL>jj (Biomedicine) iSj^ s-^l t> jjj^J 

(JjiUII j»AjJ Ail^JI ■' ^ ■ eail jJjLiatSI jl .^i. jaajuiJlj (j^al^aVI ^^Ic. ^-3 IjIjj 
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^jJtilljj i-lclLal! 4jjJiJI 4jtsj]l 4_lxu)ljJ (_paljA>U Ajjia. CjL>!>le ' i\ ■"'■"' { ^ UjL 

j 

Ajlaiill (jlj (j^j .AjjlSIj JJC. JLal (jc aIa jl (_3 (jj'lniflll j Ls jJa^y>l\ (Ji^J 

^LojJ ^» ^1 Ajjj^JI 5jlaj]l jl (_ ±aj V (j^J ' j^- i Ajjj^JI 

Conclusions Cil^Ujlut 6.1 

4tjiKj (jl*!*!! (Basic research) ^LaVI Lff ^*l\ diaJI ^il .cjL-sJ j 

4jlajj AjjI A • a li^ SI ^1 ClsLul£]l (jjj 1 g SSj 1 gj j Cjljjj-a]l 

(-jjj^aJ (J_^a. AjjjLuiVI CjLajl*-a]l .iLpjl (jli ijljj-all (JJjij ^^Ic . Cjlj j_ja]I UJ-^j 
(jliij L_Sjli-a]l o^ac. (Ja. ^ aALuLim Lul Jj <l.l*-a]l d)Lul£]l L_Sjj^aJ j tllljjj-a]l 
.Ainl! <J UjJjljj LijI jj <l^a-a]l ClLul£]Lj 4jaijj-tt]l 4j^_^aJI 4-aXJI 

Further reading 7.1 

jiaj CjLj^j ^gJc. J jj^raJI (_L>I (j/i Aj]Ij]I j ^ ■ axil ^ _>^J^ ilfi^ 

^^Ic. Luljj <lA*-all ClsLul£]l j AjjjiaJI 4jla!ill J ^luil 4-a!iLui (_>aij Laj3 Aalli-a 
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Introduction 1.2 

oi& (jjliimoJ (jjillj AjjJ^JI AjlsjlLl (jjLalxJI t_ic.jj ClsVLaJI j'-" 1 ^ . jjl£j]l 
(illi j t(j^-aJ La ^JjjLj tillj Jjl£ill AjLaC ^JJ jjL) ija^Jjl^J ^ 7- all d]Lijl£]| 

Lai .<L)jsa]l AjUjJ CjLuI£]I jj-a (j£-a^s J-iC. jj£I ^gJc J j^oaJl ' ° lg 1 

t 

ojLaJI CjUjI£]I (J*iJ 4jLiill o^J (jjLalaJI \$ a-iui jj^jc. t4j|j ia_l ^gjaJI (jjl£ll 

.^LuiiVlj _jAj VI t^LuiVI Uji^A <jc CjLu1£]I tilli Jjj^jj ^jUa^ll 

jj-a j i^LuifljVI ^jJc UpJ^S ^jJc 4jJa jjLall ClUixJI 4-ajlLa Clljjl£]l JjLsJjj lAAic 
^tij] AjLa&J CjUj1£1I oiA _&-aj 4-iLaC ,jj .AjjlkJI si-all ^tijlj I^JJ liBi Jili. 
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(j<a (j^aauil I ■ jj ^jlHiajl jp a j (jlj^jLjiLa ^lluLaC. LaA 4£._allaj 4 alia a ^i_j-a 

.(Metabolism) u^jVl 

>— ilia m j (Fungi) jJaill j (Yeast) jSl aa SI j Lji&illS aj^LuiVI ^ 
^ jaj2j CjUjLi-a I jsSa jj jj 4 (Microalgae) <jj$^I 

4jLa*J LLLJ J£.uu j 44j^JI liili JaJj (jjJI (Biochemistry) 

La lil ^Jfr* all ClLulil] AjjJiJI g.Uaj£j1 CjliLa*] j»tj <>a .JJ V ^JaJLj . Jpl£jll 




Im ■ J 
O2 - | oxphos | -«- HgO 




M 




jj.nffll CiUlaC : 1.2 JiuJI 

ljjSjjII j (Catabolism) 

(Anabolism) f UjJIj 

^ij^i j^n (I) .jijsttn 

phosphorylation) 
(S jiuiiJIj Sa^sSTI Oxidative 

o^Sn - (u) . (5.2 s jiu j&ji) 

(jLlii jUaj 4-jjjaJI pLjAjl^l 

JMk <L^LsJI A^UajlUI CjIjjjuII 
Lai .^luiaiVlj (S jliJI _aAill AjLaC. 

yi (Physiology) <alji3l AAac. 



4-iLaC. > 'l.^ij JaSS J'^ JJ ^jJI "LljJaJI c.Lixu£]l j-a _\*jl ^-jAJsj ^_jJ 4<jlaJI 

jjl 4(_£^>i.^n j > r^l it \\ AlL^LaJI t_jljjil\]lj (j_aJ^)jUI j' ajfe i—Ajlmjl jl 
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.tllSjll JJJ-a (J- 0 ^ J* <_£^ £$Jt V^j ' ' ^JJ tig mil Ajlajt (jLaJ jlsuVI 

dilclaill lilli <>a*ja s da jit il^cliSlI JfL S^U tl - j£ V 3J 

Metabolism £iLL>e 2.2 

Some defintions oUJkyaJt <-Lj*j 1.2.2 

(jiili.|j!La (jillLaC. (j-a ^jj-a ^LiA&A IJIS (_pajVI «ULaC. 

llAjLaC. j^g^S (Jj^l -(1.2 (J^J' _)^') (j^im^-*^* La$j£] j (jilSajl j!Laj 

ajjouj jJI AjkJI CjL£j^ 5^^" cPi" '(Anabolic processes) m^jj j 
cj| jaiajjjSj 4(jjAjj '(Nucleic acids) ajjjj (J^LlJj tjijjjj <> 
iilLall CjUj jail j 2 Uj , „ j]| j| j^Ji 1 ■ ^ jij La£ i(Carbohydrates) 

(Purines) ujjjjJI '^j^^ 1 <>aUJi?l£ (Intermediate precursors) 
cjLjj£jaJlj i(Fatty acids) j^La^Vl j t(Pyrimidines) jj^jjUII j 

^a aiA *thll CjULacj .(Sugar phosphate) j^-JI Cjli^jaj At^nJi 
.Sjl jail <Laia^a / el t(Endo thermic) AaUall 2<u*. A cjLsLc. JLas.Vlj 

.(Feedstock) jjji-all J aJjSm jA\ j^&j j 

(Jvli (j^i ojl^^ai] A i flLLa^ttll dlLjLaxll a^J 2 AjjUall (j^-alj ^JJ 

(>> till j j t (Energy yielding) 2iUaU s j j^-a j <aji» 4j jt d^lcliG 2^ j.^^ 
ciiL£j-a JJ....& AjLajii .(dJlii]l Jj^all jJajl) i(Catabolic) /»^JI j jj ■ aSall lDU. 

tp.La]lj ~IJm^l jlfr ^IjJ jl till jAlAjJ^)^]! 

j^jiuu ^1 (Reducing power) 2JjLaj»l| aSUJI ^Ijjj 2ilL3l jjaJj 
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^.m.iLl ojl^a. J^iJj g^jj 

l^xall 11a <3fiajjj .ijisj Jc-^ t> (jj^! ^W^j '(Exothermic) 

s J" 

Ajjjjj^all 4iUall Liajl £c2li Lajj 4o.lj.IaJI L£>LiA] U_*l£ - * a ^ f ^ 

(Macromolecules) Sjj^ ^ijj^ <J! i>^' ^ >« Jjj^ <ljii-!<JI aSILII j 

.(Metabolism) A^LkJI ^ 



HjO 



(CmHnOpNq) 




(CsH.OuN.P.SiKyMgz) 
- CO? 



AjliJI ^ (thermodynamic) 4jJ jaJI iSja. ^ OjljjJI ; 2.2 Ji*iil 

(Aerobic) ajj! _»& <j^aJ CiLAaju ^ j£j ^pll CjUjI£]I jjj jju-o^l 

cisl£j-a (jjj JcUill <jlLai.VI aaJI j jj^ . aSi (jjj ^ ^1 t(Anoxic) 

.(Exothermic) lsJj^J t> 

tj -la 1 aSl (jjAj jj 1 aSjll (jl LaJ .(19-2 (J^ 1 -^ ^>^^) '>*^l J eliJI AjLaC (Jill ALlLo 
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AjJJ jI^o lill^Luj AjjI ja!UI CjUj1£]I <jla t 4iUa3l ^Ijjj <^sJ <Lla AJUi ji 

.a 

<Lla AiLL ^ciij diia. ' ■ . j'^i j *UJ ^-a 5ajjoLjdx jjc. a^^j (Substrate) 

^Jc. ialiaJI (j^a (jS-oJJ AjLsC. ,j A_JjVI jljxJI (j-a A-ille- Liuij iill^luij j 

.(16.2 Jlill J^l) L5jl^l J^i 

cjLijl£ ^ j (Saccaromyces Cerevisae) ajj^jj^ L>u j^l a jjl£jaiil 
f.\ jj\ l^i-j <i 4 (Facultative anaerobe) ajjI jaV 

jj£ jKll AjlaJI ai* iill^luu .^Ijjuo .1*. ^^Ic. AjjI el _4*J ,J lilliS j t<jjl _»A 
tAjUall 4_Jle. AjjuiJj f.Lallj (j_&J_)£]l ,lim£| jlc- a ^'3'" AjjI_&& ^ij^i 

AjlaJI iillgluij Cilia. i4jjl_&ie!>lll f.1 S-jjlLa AJlc- A-luAj 

^tijjj jjfL tjal AJjlkx AiLL j Jal <aUa 

< jj-v ...<Nfl Jjj ^ j tt illj 5iLia] .^1 j-aill <1Uj 4jjlla Jai ft.lS.laJ1 
<SjlaJall 4iUal] <Lal£ aiui£l 4-lLa*J <jl j&Mll 4-jla S3 (j£-a-all (j-a (jjtil 

jj ^l_4-a]| (_>iajli liili ^jic. .^^-a-l^-JI (j^alVI CllULaC. f.Liil 4j*jU3I 

gi (Pyruvic acid) ^jj^ o^a*^ (Carbon intermediates) jll 

Jjjljjyi _a& oi& jjLaiJI <J ^gJ^jJI glloil (jj^!J '(2.2 J*S uiti) <!j5aJa3l 

.(Ethanol) 

:aj31j3I aLU^JIj a , ajaij (jLaj Jclijlli j 

X + NADH XH 2 + NAD + 

AjjliJaJI S^LJI ^ NADH— II j IfrinxiJ Jt jA\ AJ jVI i >a3l X J1°J dl±a 

NAD .(Vj "I" 3.2 JSiSlI) AJjiiJJI -^U3 i^ll JLill NAD + _Slj 
(Nicotinamide adenine AjtjjJSjjjll ,JU5 j^i ^aliijjlij 
Laji .NADH > NAD o- Jj^\ JLill JjJ .dinucleotide) 
NADP + jA j NAD t> (Phosphorylated) jiui^l Jiill 
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i (ilJj t^ljlaJa S^LaS a jjOj a jil j] (j£aJ ^ill j iNADPH <ll jii.! 

^ ^31 ^31 (JcUafl vriljj L£Lkll J£ NAPPHj tNADH 
NADPH_Slj NADH—SI jU: ^1 Jeiasll l£LiJ ^ t *l^ 

jJaj!) i jaJI ai* S.li.iN SjlcV 

.(6.2 SjiiM 



(a) 



HO— 




HO OH 



HO — P — O — CH, O 



HO OR 



(b) 



H. ,-H 



O 
I 

HO — P-O-CH? , o 



o 

H\__/H 

HO OH 



NH 2 

I K ).CH 



CONH ? 



'J' 

Liu 1 



<Xnli]| A \\\\\ QAJtlu& 

(JijQ c£^>^ -^Ij-oj J ' al 'if. 

^jja i a£VI j (jj^jjliill (JllLall (Jjjjuo 
AjjIj^JI A ;K II 1 "^i" (J' aaJ (jjMJI 

iLi ^ >Vl aJUJI ^ U) ,1 j^l j> 

Jo i 'i^VI ^^Ic Jjj^aJI Ja >4 
J* Jj£j J3 jl t_y*jJI ^ A LmloLttl l ClliLjaJ] Jill j aKj^SI aix.1 AjLiC. 



HO P 

o 



-O — CH ? O 



H \1 ✓ M 

HO OR 



NADP + j NAD + (j) :3.2 JiAS 
NAPPH j NADH (u) (i«S>) 
NADH j NAD+ .(JTjSii) 
NADP+ yi .R = H _!! CjjZ 
R = P0 3 2 _!) NADPH j 



P0 4 j " cjliu, js JSJb) P jjiu, jillj *(S0 4 2+ J^A) S c^j£1\j Mg 
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cZn 2+ cSlijll j *Fe 2+ ipaJl£ jJ t> aJ 



.2.2 J£ill CLitUill jj* j»Lki3t liA 3j£u*Up ki .^Jj ...Mn 2+ jjjiiall j 




Oj^j^Si :4.2 JiAJl 
^ .(ATP) ^liu-jill 

AJajljlt j«S Jjc (ATP) 

SSUall -'»*■■■* j t (y) Uli 



Catabolism and energy kAa& 2.2.2 

dull CjLAac. j (Catabolism) ^$11 CiLLac ^ a^LuVI aLoII J\ 
(ja £-1 jjt ^tul J jjj ^1 CjLLc jj£ (Anabolism) 

jj (J J ^utlo u U jj^j jJiit (Reactive reagents) AlcliU cAAjA j jI j*1! 

j£^j iCjiltliilll (j^s ^ -*.\"a* jii*J < _ s IiH_5 jlj^ll lillj (j-aj .c.ljj]l AjLaC. sjLjSj 

(ATP) s jL-flikl j (Adenosine Triphosphate) cAi^ jill ^iiX jipVl 
sUlc s - Lo au (High-energy bonds) Aiiyi aJIc. JojI jj ^Jc ^ jiaj ^ill 
ATP-SI ^ AiLkll jj 14 J\ £Lj .(4.2) <_&il! ^a IS ^L^Vl 

Jajl j jjc. SjIjc ja j ttjjlLoi jill CjLc. jas-o jjj 4 (Pyrophosphate) CiLL-u ja jjjUII 
4aLL jj^4 ^ilt teUll jja.j -lie liKioll yj^t (Anhydride linkage) ^ jj i> 

*1JJI" >! c iLk^L J cAaUalS ^ jll jjjJt ATP—S! j>j .^Lnlt 
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f.Lb ajLe. ATP SI ^iVu.n U^jt j .(Energy currency) "AilLll Aj^aill 

J] (Hydrolysis) g^LaSI J^SL j»&l>. <(Biosynthetic reaction) ajj^ 
^J! LLJ j 4 (Adenosine diphosphate) CjlLujiSI ^Uj (jj^jiji t ADP— 51 
'(Adenosine monophosphate) cjlLu jsSI jI 'AMP 

^/jJJ LaJ (Jclidll aja Sj 

A + B + ATP -> AB + ADP + P ; or A + B + ATP AB + AMP + PP ; 

ClslsLuj3 _&& Pi j AuliJI AjjjJj£ £ _pajl ClAj£^a Bj A (j-a <jj 1 - Ua 

jj& CjlL^ji j jjLs j& PPi _Slj (Inorganic phosphate) isy^- 
tilliaj Jjj V ADP— II u] -(Inorganic pyrophosphate) csj^- 

ojLuill ^ajjjl AJajoil jj ATP SI 1 ' > Jo»*>"*< (jl l£"4 ^5LlaB AjSle A_kj| j 

i^Jj La J&Laij dlSij Adenylate kinase 

ADP + ADP ATP + AMP 

4uLkJI Ji.b 6.is.}e cjl£^a] (Phosphorylation) SjiuiSI lSc-Ltj ^ 

: Jtill JeUiSI Aim La£ ATP—SI 

o 

I I II 

-C-OH + ATP^-C-0-P-OH + ADP 
I I I 

OH 

AjjlLa AjjSxai .lau tjjjaJ] Ajlelsdll OJ^aSI jbjj (jLc^VI (j-a j/'^l 

Catabolic pathways u* 8 ^ cjljLuw 3.2 

JjSjKJI J„" "SS Jja. 4_al& tliblan - 1.3.2 

General considerations of glucose degradation 

AjaJI ClLul£]l ^LJ J£.L A-jJj^l j| _&aSI jJju£j AjIaE. <-S^J 

.-i.ij.iaJI AaLkJI fLuS AiSi^l dillijiJI j (Monomers) cjl jj • 
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^3 AjjLojS JsliIjj i^lu 4lkJ jj (ciSI ATP SI J£jis ojlt t4alkS! • 

^ ^pSI NADP j NAD —SI ^tijj?- ^L^l l£A?j 4<Sji^> AilL • 

•NADPH-SI j NADH—SI J\ l«J! jsaJ 
j NADPH-SI Jl > ji) NAD(P)H_Slj ATP-SI o- J£ J~u 

^JJ IgjJaac j (j-o <C. _4lla dll ;^J" (Jjj^il A alia a CjLaJ^I SJcLuLa ^^Sc (NADH 

(j^S j t dll ;<j ail (j^i <LaauJa 4juuIj 4 SjS 4_La jj^aJI CjUjI^SI 

<ySSj^ I— llilak j jl (dLajjjVl^) ( _ 5 Allaj JJ-lJ * JSJ ' "'^ V'JJ. * 
(J^lj (J^Lf* j' dLuiaE. £-a jl (_J jlaJI cj!)liJI £-a o^Lall Cllliij jjJlS 

.RNA_Slj DNA-SLS t (Nucleic acids) ^jjiSI ^l^VI • 

cs l& L_lSlxJI ^ / C jiaj 'i^ia-a dUSj-o ,jc. 0 jUc j-Aj (Lipids) ,j_jA^SI • 

^Liacl ^Uj J^jj t(Fatty acids) 3u^.*\l ^U^Vl 
.(Micro organ) s jj» > <all l^jLjac.1 J IgjUjac. j A^LkJI Ajji&lj 

JiaJI iiya. 4 (Polysaccharides) siU-a cAjjLai • 

.(Cell-capsule) J^kll j (Cell wall) ^jkJI 

La£ (Precursor) ULi 3 Luaj jl j-a U jUj i j-aSI oaa J£ 



.(Amino acids) a^SM L yaL^\ ^ c£jj^ 
t-^j*. Nucleotide bases aj^jj jJS jjj ic\ ja <> ^ j_aiSI o^a^' 

.(dlL^lj "Ribose" jj^J 
j> Ujj^j CujSj ^1 ^(Fatty acids) Aj-iaJiSI ^laa-Vl t> jjAJ 
•(C2) u>u^ t> u£ j^ 2 ^si"^ cs-^'j (Acetate) dlii^YI 

SaJ 1 ajil j£juuSI j-a 0.1S*-aSI dLij£^iSI 
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AjjoiLuil £jjJ (j^akjuU jl ^jialuii Lijli t^^ij La 

jplSjSI AjLa»J AjjjjjJall Cjlllj^JI (j-a 4jSI ^llaJ La (JS elii ^ SI 1 g j^juij 

^L&l jIjJ ^ ^Lul ^i"-" 2ukJ1 J UlL « JUL .(5.2 Jlill jlal) 
auj jl Lpl£xli iAjIjI i ^ \;< jl t (Substrate) aJJ -al_$* ajI j-a ^ unll 
j-Lul ^-a j*l jjILj NAD(P)H_ SI j ATP—SI jrllil fa jl <i=y>^) V-ij ^ju^ 

AjuiIjJ j« jJJJJ ? °SI (^^Sl j^KSI _a-ajS AjSjI o-lLa jj£ _jl£SI ^JJXJ 

(5.2 JSJill jJajl) ajjjLuVI ^-qoSI jI >a3l Jj^jj <j| jj£jKJI j^&j CjLLe. 

'(Glycolysis) (_>"jJ ls -4j^J .Jrtl jj£ jKll Jjkj JaJ>a (J 5Jajl jla AiljIaJ 

j 4 (Embden-Meyerhof-Parnas) — S IjL-aiaJ (EMP) L-bJ ^g^i ^1 j 

ja ^-LjajVI (J-aSluil '(6.2) (JSjiSI ^ AjS axSI o-l^S (Jj ■ al Soil j jja.1 j^SI ^rji ^-i jj ^aJ 

<«jl$jSI gjjlSI ja ^iSI - (Pyruvate) jjjLJI Ci^lc-lii ^ <_£>Lk 

,-sUj,„< jjj^SI (j^aaJI Clilx-lid Aik. J!>U. j-a - j£JI Jjkj aA**1 

.(9.2 Ji^SI jiul) 'Tricarboxylic acid cycle 
^1 AJUiaJI (Glycolysis) ji-JI lWj* 4iL-bYL 

jjiij jl i aa SI jSjjJI Cjliui j2 ^UjL fJ^J 4_LaAYL LJ Ajjl j-a CliLclij liSliA 

^-ajouJI C 4 c^Ljll jUI Cjliu: jj j '(Pentose (C 5 ) Phosphates) cAL^jk 
sia jjiiJI "ijioi Ja.1 j-a ^-aj^j .(Tetrose (C 4 ) Phosphate) cAi^ ja jjjpiS 
jiul) '"(Pentose phosphate "shunt")" "jiu^LJI jjnJI aLj^j" <Aa»j LUJ 

AjcUj ^llij V jl jA ei* (JclioSI (_UJ^a ja ' a^SI jl .(7.2 Jiill 

Biosynthesis l$ jjaJI <-LuIl a^Lu:! «.Lu CjI^j£ (C 5 j C 4 ) jjjj^SI ^Lai. j 
>L> a jifl ^ LJ NADPH AjjliJa AiLL jrtijl 'LuUij t (5.2 JtSlI jlijl) 

(Pentose jjfcft Clk^jaW Jtlijj EMP Jc^ia jl j* ^c-jh 

'(Glucose 6-phosphaste) jj^jKSI jLa^kiuLi Phosphate - PP) 

Lg \c UK Axuxj jJjLa^SI !>l£3 allaxxll AJLxill j 4>aAVI jLjlklj AjkJI jl j3 jU 

AjlkJI - laliaS j^JJ^I JUiill j-aiSI (Jilj-a ^ja .AjIJ Jjj^ajll AjlkJI Jjjj ^iSI I J^SI 
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c jxill As. jui J&j la-lic j .PP 1 1 JjILo EMP S 2 AjlUi AauUJj U-o (JJjLuiaII 

llll-ia. j ^^Ic ' ■ lim ^gj^JJ ^LilLij 'Ljajl <Jjjj (_f J^-^' evliJJ AjlaJI ^LiiaJ (jli 

10 A^Uil! JULJI 6 iA .C 4 -Jj « C 5 -Jj NADPH—S! 

. 1 Jjli. 20 J^i jSj PP— U 1 Jii. EMP-U 



Sugar - 



DNAl 
RNAj"' 
ATP 
AOP 



Nucleotides. 

deoxynucleotides. 

histidine 



Polysaccharides [ 



Pentose-P- 

I 

Telrose-P 



Phenylalanine, 
tyrosine, 

NAD* etc. - — tryptophan. 

Folic acid ■« — p-aminobenzoate, 
p-hydroxybenzoate 

Respiratory 
qumones 



Purines, 
pyrimidines 



Glucose 6-P 



Triose-P 

HI 



P-glycerate 



r nudeoudes 

Storage lipids 

- Glycerol — - Membrane lipids 
► Serine' ► Glycine ► 



Cell walls 
'etc. 

" Storage 



Purines, 
pyrimidines 



P enolpyruvate 
J 



Pyruvate 



Acetyl-CoA 



Cysteine, methionine Porphynns 
1 etc. 

Alanine 

' Valine, leucine 

► Fatty adds, lipids, PHB, polyketides 

' *■ Mevalonate, steroids, carotenoids 




■ Citrate 



2-oxoglutarate - Glutamate, glutamine — »■ Arginine, 
| proline 

Folic acid 



Chlorophyll Vitamin B : , 



dtjluLn*! BJ i .^^aJ^JI O* 3 ^' tliljLuiaj ^Lull O* 3 ^ diljLuui Quia jj : 5.2 Jl>uJI 

J£ JakLail lift tilifrl Jli .j>^JI LjljLuw £a L^UaLuJ Jaii ^JjaJI fLLdi Aj^luj*! 

oliftl <£& j cNADP+ 'NAD+ J jJiyi J "ATP" 4iUai* *jjUJ! ^LbjaJI cjlLLujUl 

(j^uSjjJjA <_yJjJ jl irl"*tt PHB !l Lai . jJI . . ("jJ^jjliiJI (_><aji ililjLuu £j <lLa*) 

.tliliuijill Acj^a-a Ji«j P_!lj iPoly-P-hydroxy butyrate ^jjjjjj 

.^illiaJI CiLxjj^il ^ jflai j^ujJI Aj^ui J\ AA Ji\ 

(jLi Laic tAjjjIa )VI SjtilLi , uh ^ j Lubjl (jiajVI A£ji. AjljLLo J;^ ■ lu] lAlaaiLa 
^^a^jilall^ ' ■ )U£II I^A (J^Lo ^ jl ^all o^A - ~\ 4jj^)«JI 4-bajgull 

j T ixI; 1.1s. Aiijlaj 4 lafi tajbttj 4^iliu i _pajVI jlinr. jl Laxs ^g£j 

• (8.2 ojsall ^ £-±i* jjJI Ljj jaj (Jill CjI jjxjIIj AjIsJI CsLa.LaJ 

CjLuI£]I ^Jix^ ^ PP_llj t EMP JcliSlI LsjLui- 

(j-o-mjj tEMP II i>o Mj^j Jclij jLmi^ tSliLaJ Ljji&j3l Lpa*^ j' 
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LjjjjSj ajIc. i<u*j ^ill t(8.2 Jlill jiul) (Entner-Doudoroff Pathway) 
^ Vlii PP — SI ^^JLu .IjjI^uuj (Pseudomonads) uatijAjijm 
aj&Ijj CjIL« ja cjL£^ ^jjj V Entner-Doudoroff jL-u> <jV tLjji&JI ai* 




ATP 



- ADP 
Glucose 6-phosphato 



® 



Fructose G phosphate 

ATP 



ADP 

Fructose 1 ,6-bisphosphate 



© 

DHA-P G3-P 



NAD 



NADH 
1 ,3-diphospho glycerate 
ADP 



-ATP 
3-phosphoglycerate 

<§> 

2-phosphoglycerate 



® 



Phosphoertolpyruvate 

ADP 



-ATP 



Pyruvate 



— !l (jjJjla CP y£>3^ (J^ ^ jLma tja j£ :6.2 JiuJI 

:< jJUiVI Jeliill .(Embden-Meyerhof-Parnas, EMP) 
jjSjls2l+2NAD + + 2ADP+ 2P, 2 Pyrovate + 
2NADH + 2ATP 

.Hexokinase (1 
(Glucose-6- jjSjlill jl jj^jjJ fjjjl (2 

.phsphate isomerase) 
.(Phosphofructokinase) jlj^jiSjiji-ja (3 
.Aldolase jVj-iJi juji (4 
Triose phosphate jjJ >ll Ljliuiji jl ^jji (5 

.isomerase 

Glyceraldehyde 3-phosphate dehydrogenase. 

3- iljlijjfl - 3 "J ,<H SjiwiS Jjl (7 

.Phosphoglycerate kinase 
.Phosphoglycero mutase jjU jj^jja-JS ji-ja ^jji (8 
Phosphoenol <iuajjjL> J^LI ji-ji (>> S.U11 Jj> (9 
.pyruvate dehydratase 
.Pyruvate kinase cJljjAJi i jiui ^jjl (10 
OjuAjjJjLjJI <>^l Oj 3 *"^ 1 iliuji DHA-P— II > jj 
J! G3-P — II j (Dihydroxyacetone phosphate) 
Glyceraldehayde 3-) Ljli^ji-3 JjLjjjS 
.^^Jac jjc Ljliujs Pi _ll L>! .(phosphate 

JjSjlSlI 

^ili^ji - 6 - jjSjls Glucose 6-phosphate 
Ljli-ja -6 - jj3S ji Fructose 6-phophate 
(jJLu- 6'1 jjlSji 6 biphosphate. Fructose 1 

^jLu ljjjjuuIs 3-1 1'3-diphpospho-glycerate - 

GjjjuuIS jiujja- 3 3-Phosphoglycerate 
LjjjjuulSjiujS-2 2-phosphoglycerate 
LjjjjjjLj J_jjj|jiu.ja Phosphoenol pyruvate 
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jjjSJI ate\& 2.3.2 

Tricarboxylic Acid Cycle 



l jLjaaII jl 4A1 Jail ^jc- Jaill ^j'—' 1 I j j£ JJ i aSj (j- 0 tj^JI (jl 

(^j tCiujjjlj J (Pyruvic acid) lil^jjjLJI o- 3 - 4 ^ m^j- 0 Jjj^JI j* 
liLajjjlJI 1 "^jj •COOH - CO - CH3 JLi<u£jI j-ajll 

A 

' (Acetyl - CoA) A j£ JiiJ ^^-a^j jU^kU j (Acetyl Coenzyme A) 
:JU1I jaa-»ll JcliaJI (jjjj U£ NAD + _1I *<« J&Uill 11a J cJ^jj U£ 

+ NADH + A fjjjl J^J <— NAD + + A ^ jj1 + jju 

(j_4jj^]l ~ijui^l ^lii 

(jj^jjill^i] (Jj_)a]I Cilia jjjLJI (»jj)jl d U,„lj» (J ft ^^ 

JIja^UI jLoiaILj cjjajjjLJI sjU jj^a Lai) tPyrovate dehaydrogenase 
JtilLij (Thioester) jiuuljjlfi je SjLj& ja A j£ JiiJ^I uj 

AiaJjoij J j^s ^1 jjl (j^i JJJ^JI tiBij tkjla 4 Jclaill Jc oj-iSJ jl^aJ 

iaiSb 4jLac _»a 'Aja.jll oli jjj ^LoiVl jj^a]l (jl j t (Intermediate) 

plaaa Alii. t _ s -aj^J tlildijll (j- 0 4l»-al ^„'°^ Aluilui (j- 0 Ls^U^ 

J£XA\ oV^jjjUI ^i^a. J (Citric acid cycle) liLj 1 ^' 

Krebs cycle "o>£l£" L-bJ J (Tricarboxylic Acid Cycle) 
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ATP ADP NADP* NADPH NADP* NADPH 

' I I * . * 

Glucose — ^ — Glucose 6-P — - — 6-P gluconate v - Ribulose 5-P 
(0 (?) - 

COz / \ 

Epimerase I \ lsomerase 



Ce 




Fructose 6-P Glyceraldehyde 3-P 

UaJ ,^auuj ^(Pentose phosphate cycle) Jjj^I tiliu.ja calelii Alia. :7.2 Js*2JI 
cLuj^i\ t (Hexose monophosphate shunt) dliuijil! ^jLaj Jj< «S $ ALjaj 

:<j!UIIS JeliSiL as JAA 

Glucose -6- phosphate ) 4tiliyijifl-6 <> ^jjJj^U Jj>« fjjii (1) 

Phosphogluconate ) ciujSjlSjiuija <> ^jjjj^SI Jj> pjjji (2 .(dehydrogenase 

.(dehydrogenase 

-6 JUnluit jLju .Ala AajUII j J&liUI ^ AHI^I Jl jaII £jj AjfcUJI jLaiiL iakLdi) 

Glucose jjSjls iiliuija-6 ^1 ALjaJj Fructose 6-phosphate jjjSjiil Ciliuja 
-3 JLuLLuilj jjjJj Sic] L2ai (^Saj .Isomerase Jj>a>uLjSfl (yjlL 6-phosphate 
^ Us ^(Reverse glycolysis) a*jijS*aII jS^JI jj-jSj AjLuu jjL^jjJIj^uIS olL^^a 
Ufc. tNADPH— St ^Utt i>»S J*ju jL*»il £la AialS j^Hfl Siel J Lu . 6-2 Js*ill 
jtAuu Transketolase jAAjS ^ j^j Transaldolase j^VjJ^ o"l Jti\ tiilelii 
jjki U-alJiluiV (interconversion <Jj5U ^1^1 t>J <j-^ Jjl £jj 6*) j**^' 

glucose + ATP + 6NADP + -> 3 phosphate glyceraldehyde +ADP + 6NADPH + 3C02 
sJlcl AjL»c AjJjaLuiI (Jajj Lij« fLLII cjLLud C5 —SI J C4 jS«U AJIjl aJ £]) 
.(Jai <jjS2 i-i NADPH —II <> Aa51»3l Aj^sila AjIc j 'Recycling jjjJjII 
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•Glucose 



ATP 



ADP 

Glucose e-pha&phalp 

— NADP 

^— * NADPH 
e-phosphogluconeta 



— HiO 



2-ki?to-3- deoxy-ft- pi hcep f*3g I u co nete 

© 



GaP 

I I 

'• — ■*■ PyruvEte 

(I jflj (Entner-Doudoroff Pathway) EDP jl— Jetitf! Ciljlai : 8.2 Jlill 
^ (Embden-Meyerhof-Parnas Pathway) EMP JLma Jjj LiU^S ^ jL 
. (6.2 Ji&l jlijS) l^iLfjfuij (Pseudomonads) o^U^jJj" £.1^ 
, ,-,^:<jt<jS, ^ fL»il <Jjj-» ^jjji (1 :AjJL1!I CiLujj^l Jlu (»lajSfl 
■A specific aldolase ai»^ Jjij^l (2 .(Phosphogluconate dehydaratase) 

^ (G3P) ji (Glyceraldehyde 3-phosphate) cAl^^ -3 Ji^jJl^yuls Jjai 
.6.2 ^fl tijSj y5ll £U)j&l ikuljj (Pyruvate) ^jjjW 
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NADH — 
NAD* — 



Oxaloaoetale 

® 



Acetyl-CoA CoA 



Malate 



HaO -- 



® 



Fumarate 



FACf- 



FAD — ' 

Succinate 




COj 



Suoci nyl-CoA 




.(Tricarboxylic acid cycle) <Jau£jjjSJI o*** c^cUj Alia. :9.2 Jiill 
^ Jelfcfl j*fl2a*« .ATP/ADP _j 7 Jctiifl ^ GTP/GDP :^aaiU 

Acetyl coA + 3NAD + + FAD + GDP(ADP) acetyl Co - A + 2C0 2 + 3NADH 
+FADH + + GTP(ATP) 

.dujluJI »;'- / '' (1) -J^>*^ f^jJ ' AjIUil ujLujjVl Cj^lclijJI jjj^ujj jij^j 
(> lH^jj-V* ck> fi^ (4) .(Aconitase) ' jjjjjsi (3)j (2) .(Citrate Synthase) 
-2 <> lH^jj- 5 ^ Ji>» (5) (Isocitrate dehydrogenase) < i^jjIuJI a^A 
AjjjjjS-S jiui ^jjl (6) .(2-Oxogluconate dehydrogenase) ' CuljZj&j^ji 
t Cqjju&ufl ty» ^jjJja Jj>» fjji (7) .(Succinate thiokinase) ti'mjuiSmH 
Jj> jjjJiS (9) .(Fumarase) <jjjl»_jja (8) .(Succinate dehydrogenase) 

.(Malate dehydrogenase) iCulM ^jjJja 

^ja^all (Citric acid cycle) t^jiuJI l^*-^ £^^3 uj 

Ijila^ jiikkj jLaJsj ^jAJ '(9.2) J£*SJ1 
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2 11 Ig-aAl qaj 4(5.2 (JSjuJI jkty iSji^ c-UjII 4 Ljj ■ A-ilji jlj^i JJSjJ • 

tiuLu jKll ^IjjJ (J Jot* m J (2-Oxoglutrate) cjjji jK J 
Ujj^jVl j (Glutamine) u^Ij jKH ULi JSAi ^ill (Glutamate) 
j^jj LaJ <kiu: jll LjLSjJ! ^1 <>j 4 (Proline) jjl jjJI j '(Arginine) 
'(Porphyrins) ujjj2jjJI *x.li-<J J«ioi j$i (Succinate) c^ikuiSLJ 
iiiujUjmVl ^niAi (J ^Vni'J (Oxaloacetate) tinLuol jll jS jVl Liai j 
.(jJic. ^jIjB Jjuaill jkjl) ajIiaVI (_>bLu».Vl <> ajJjIc j (Aspartate) 

J£ A j£ JjiuSll a1o1£1I aluS y j\ fjA ^JJJ A3lL jj3 jJ • 

.(5.2) Sjaall Jj.^qMI jiajl .eLaj jjJjSIl 

(_5.la.Jj ^jill-J 1 g Sal oJ J' ^jU* , „* *y liLjIuill jaAS. Cll'vLclij Aiia. j) 

tgJI oaluil oUjI a Uj , aJ j| j^I CllLjl Ijji -c5 J^VI (jj-lJ jll 
dbaJ I j] 4 JALall ^ .ASUall ^l*ul ^ (J-aij lillj t _Je. L-Ujllui '<_£ J^-H eLiill 
AjIjI jI __Jlfj (jl 1 g Lla ifrLo j (jjjjill JUjoiSi ^lii ^J A j£ JiiuiVI J£ ojjai£l 
Igjuij (jjljJ Clsilclijll jj-o AilaJI ojA (jli lillj] .(_5jjaJI $.ljjll AjLa*] Aj3l£ AiaJjoij 
A ala 1 tilja-all (Ja.J-all J^«J jj£jl£ll JjlaJ ^j-o £tjljll CjjSjjjIjII (jJ . (jj3j£jl (jjj 
A ?-i ; 1 jll jl jaII ^1) au 
j»l jllI l_ijA OJj.lll OJA £JJJ Lajjcj .(10.2 J*S *i1l jiajl) (.SjJ^jl *ljjH AjIjVI 

^jjjjjJI (Oxaloacetate) CiiiJ jll j£ j ^-Uijj SjIcJ ^ s ji* jje. ~ J 1 aJ 
^jj a kj u jll ajIjVI jI j*1I _> U ja. jV tillij '(Citrate) ciujiJI ^* aA*x1 

^lljj jl^aluil ^ la all jjc. jj-o ^ J ■ aj AjI&j .^jjail ?.LiJI A j\ot; l&jlaiLul 
(j-a ^Jj-al li&j .AjIjI jljx (jj^J sljj AjLoC ^a.jJ V AjV 'AjUall 
_)a.l jLuia J^La CliiLail j£ jl JJSjJ j»JJ (jl L$JJJ J, ^ a ^ 

pyruvate + CoA + NAD+ acetyl-CoA + C0 2 + NADH 
(Pyruvate j^j>« < s jjj^II ajjil AiL^aj a k ml jj Jcliill 11a ^jjj 
AjLac jli AilaJI ojA j> ^jU jA CjjIuI jll jSjVl jl Uj 'u^j .carboxylase) 

(j-a jS aJjl I 1 caul I g oolajj CLu9jjjIj1I ^^Ic. Jjju£_jJj£ Ac j aa a JLa.^1 
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(j^s AjIasJI ai& Sail '— ^aJJj . AjjLuiLo dlLlaSj Clliluil jll jS jlj Aj£ (JjJjoiVI lH- 0 ^ 
A (JiLuV' (^C- ■ i - a ^*J J t — y^JJ^W^ <Jj-'-"^JjJ^ 4iLjaj j»J_>^ J^-^ 

tjl .(8.2 ejSall jkil) AiJUi t> jjjj (Positive effector) gr^aJ j£=^a£ 

(j-a (J£ tid^Jjoil ^JJ .^Jjail r"iy,„ljll ^tii) AjLttC. ll±jl£ IjSjlLa 

CllJJJjuill J tAjjLuiLa i . U nil A ^ajj^J^ JiLuVj CjjILjI j]I j^jV 

(j^aj ^1 Aj£ Jjj^I j^j^ u^'^j <^jSjJI .(Citrate) 

Jl Jj V (Pyruvate dehydrogenase) jh^jj^^ ch&jjAi CjjSjjjUI 

a i a£ 4_iLa*]l o^J . £3j lutj La Aj£ J/' ■ "I "* Uoxolj 

(jc. jJj^jaLall (jjlclidll jJJ (jjljjJI laSaj La£ itlyJiLuill jrtSjj jl ^aid 
JcUill (jx £ jill lift cr AJuJJ .(1 1.2 JSjill J^j') t^iJJ^I 4j3 jVl J^JI 

.(Replenishing) jjjjj J «. J* ^ (Anaplerotic reaction) 



3 ATP 



3ADP + 3Pj 



(ootphoe) 



NAD* i 



Pyruvate! 




NADH 



JjiuiSjjjiJI ^jia^ o^iau AilaJ <jjLuJI jj-lll jfSaj *uij :10.2 Jiwfl 

Oxphos .ATP Jiyu AaUaj ikiuij jAj^ (Tricarboxylic acid cycle) 
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0xatoacetat9 1 Acetyl- CoA 




Crtrate 



A ^jjjl J$ Jj*J' "I J (OAA) i'ij'ii ni^l jSj^U jj j\ i inn ^jxaU 4j4j£ j^li) ^uij : 1 1.2 JSASI 

JaLij jji^ .(Tricarboxylic acid) <Jau£jjj£JI ^jj^j ja** ^ji'^*^ (AcCoA) 
A ^jI jjljS JjIuiS 5Jauiljj Pyruvate carboxylase (2) CaAjjAjII jiL^SjjjS ^jjS 
.(Pyruvate dehydrogenase) (1) £±j&jj*U,\ ^ ^j^jjjjfll Jjj* ^jjji ikuiljj gLiiafl 



Acelyl-CoA 



Citrate 



Acetyl- CoA 




Succinate 



Fumarale 



Oxaba estate 



ATP — 



• — ► CC6 

ADP 

Phoaphoenolpyruvate 



© 



.(Glyoxylate bypass) JjJjII iiulu^j^ jU*»3l J»U3 ^Lu :12.2 J&J>9 
5jj;L»i! (Tricarboxylic acid cycle) Jj^SjjjSJI (Ja**. Alk c&elii 3iLaj 
'(Isocitrate lyase) CujluJI <Lu*i JlaJ» ^jjji (1) <> calelij dUA d0.2 Jlyill <^fl 
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<> jiuJI f jfl ^ • (Malate Synthase) £iuaj ^ ji (2) 
3 SjiuiS ^jJjI ill j^jjLaJI JjJjil jluL^t JLaxlmL A f>jjjl ^ J^-u^l 3jL> 

tilJj jlLj t (carboxykinase phosphoenolpyruvate) Jj^SjjjS ^jjjIj Jjljljiuija 
.(14.2) (J^l ^ Reverse glycolysis A^jix^ jjSjis JjIsj AjL»c 
JjiaalL) CjIjL^I U^j Ajj^^I f Ua,VI ^ ^ JjJjJI jLuwJI lift J&lii lAlaaiU 
jj^j jAuaai (Triacylglycerol) <jjj*jil£ JjuJ <jj5^ ^ ijlml <Lae jjiall jji^l 

^liiluiLj jmII (glyoxylate bypass) JjJ^I rnln^j.^slS jL*u> 3.3.2 
The glyoxylate by-pass for growth on C 2 compounds 

.lie (J-al£ (_ LylaLailj ^jaj jl (Jj.i.li£jjj£]I ^^j^j AilaJ lA*^ ^ 

JLa*2uilj jl (C2) U_WJ^ AjjUj ' " ^ jSj « (JLojUjjIj _oaJJ ^^ill 4jj^a-a]l f.Li^VI 

(_5 sjLa aj! jl t(Hydrocarbons) £ >^l u_«j^ J ( A j ^^ I jj^UJtfl 

A (_JjlL-uT (jj .(4.3.2 Sjaal! _>lajl) C2 <jjO^ CjLjjJ}^ j 1 jSjj 

(j-a lilliS j 4 jjJj£I] jluxa£ AjLmAoil JUC llunjuOM (jxs J^pi (jl (j^-aJ 

^ JLaJI _a& La£ ' ' " '/'J 1 "V I (j-a Vljii.1 JJ^I <jj-^J ^ C? jj^J^ S- 1 ^^ LS' 

tjjxa L£ t(Ethanol) Jjj^jV' J (Acetaldehyde) ji^jJliuaSn 

NAD+ NADH NAD+ NADH ATP ADP + Pj 

C2H5OH V /) CH3CHO \S> CHjCOOH \ / > acetyl-CoA 
ethanol acetaldehyde acetic ' 

(ethanal) acid CoA 

C4 (^C-^J CS^-WJ^ M^^ 0 CS^] ' " ' ^ o-^J J _aaJJ ^gjl! AAijlalli 

(12.2 JLill jliil) t(Glyoxylate bypass) JjaJI CiiL£ jL^ i_sj*j 

^j^j OJj.2 ^ aAajUjuia]! lillj jjJiLial jj-ajjjl <_1^-^ ^ 1 -"""J (_S^J 

j t(Isocitrate lyase) cjjl jlJI A^ui JLs^a Laj jjl Ua j Jjj^ jjj^II 
(Isocitrate) CjjIjlJ Jj^I ^jSj .(Maltase synthase) cjJLa]! 
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fjjiVl j .(Glyoxylate) c^Ai^jpS. j (Succinate) run,^,,, ^> J£ 
^ V .(Malate) CiJUll r U^ i<; jA^ 1 A j£ J&J *sWj f ^1 

J.^-< ^1 4(4.8.2 Sjaall jkjl) <il& f\M a jLSJ ^JOj Jje VJ uWjjSM (j 1 ^ 
Ajllni i_acLiajj 1 " Lta C2 U_JfJ^ AjjLjj '"'I ^-ic ^ j£ a all (jjl^ll _j-aj .lie 

<Ja-» (J^J V (jLpul t"n\;i'i < ijJjl£ jLoiaI! (jj .sj-a 50 20 (j-a (jJ^sjjjVI (JJ^A 

J>! t> (Isocitrate) CjjjIJI ^> <aAjjj ^si-u (2-oxoglutarate) 

Jl^a 

a^luu ^gjll 4C2 ^"^fij* l>° C4 (jjJj^ll 4jc.Ljj CiU£j<a ^^Jc Jji ^-i-t M 
(J_j^J (_J^I^ ^ ■ bjj aJJ 1 a j .(5-2 (J^- 4 -^ ,>^) 4_a*jllj (_£_aliJI (j^aJ^I dlULaC. 
4-iLaG. ^.n.i.iU .li-la. jSjjj «. jjoii A-lLaaJ ^gJI C4 ^"Wj ' " ^ .'^ J " 

.4.2 Sjaall gi Jj.^lL SjjS1<J1j i(Gluconeogenesis) chjj^ 
Carbon sources other than glucose jjSjisl! jjc- Ojjj* 4.3.2 

cs^ 1 J '(Glycolysis) jjSjKll j^j (Intermediates) 

(Citric acid t*Jjjlji5l ij^i. <ala. <J <imli<JI CiLajjjVI iaUij J^=>- o_£" 
jdj^a£ SApc tij^-' V j' J ' >° * ^ *■"*' jl Ciljjl£i] (j^aj La£ .cycle) 
j> 4jkjll aLIs (Natural compounds) ^uUI Jia .jjjjjSU 

cjljj (Waste disposal units) CjUiill ajj^-JI aj^JI 
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(jjtils t^LLaJ^ll (— 4jaAj (j-o Lai .(<Ljjla 20) ojl^a. 4-a.j.2 

Fatty acyl ) jjI^V' Jjjj-^ ? Sj^-f W^j lSj* 

igJtiil J^JI u^j L<£ (triester glycerol 
CH 2 O.OC-(CH 2 ) n -CH 3 

CHO.OC-(CH 2 ) m -CH 3 
CH 2 O.OC-(CH 2 ) p -CH 3 
triacylglyarol 

ja .16 J 14 J) t_ilUJI (J p _!lj m _ SI j n _ II _>jj 
jjc J (Saturated fatty acyl) (Alkyl chain) JjJ aLuL, 
.Jafyl (Jc. aisJj <J& CjLiil Ijj (Unsaturated fatty acyl) 

•Polyunsaturated ^^oj Lpli s.n*2a 3j>. jj j* 1J jj Jc CiLiil 1 3j Lai 



CH.OH 
I 

CHOH 

I 

CH 2 OH 
glycerol 



(R.CH ? .CH J .COOH) 
tanyabd 

H-S-CoA 



ATP 



ADP - HaPO. — - 

► R.CH..Ofe.CO-S-CoA 

FAD (or flavin) 



CD: 



• FADH? (or flavin-H,) 
R.CH:CH.CO-S-CoA 

n choh.chVco-s-coa 

NAD- 



0 



- NADU 

R.CQCHj-CO-SCoA 
H-S-CoA 



i 

R.CO-S-CoA 



CH3.CO-3COA 



new fatty acyl-CoA 



A ajjjl Jjiuil jluul ijS (p-oxidation) "liu" cj^lii 4ila. :13.2 JiuJI 

AjS Jiuii jji-aj f»ijjl (1) 4-!j>^l tiiLajjWI -(Fatty acyl-CoA esters) 
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(Fatty acyl-CoA ) A jS JjJ au.£> ^ji (2) (Fatty acyl-CoA Synthase) 
Jj> fjjii jS 4 (Flavin) ujfcUiL Lku>» &&j ^Wj^'j jjUsJI Oxidase 
LjjSjII (Fattyacyl-CoA dehydrogenase) ^- a a-uJI AjS J^i <> ^jjJja 
2,3-enoyl-Co A ) AjS - Jjjjl 3.2 ?U AaLij ^ (3) -FAD 
0&jj±a lU>^ (4) .(Crotonase) JjjjjjjS L2ai tijj«-»Jlj (hydratase 
fLjjji (5) .(3-hydroxyacyl-Co A dehydrogenase) Aj* JjJ Jj^SjjJjU-3 i> 
<> jj±sJI f jaJI o! (3-Oxoacyl-CoA Thiolase) Aj* JjJ jjSji <> "Jjjj Jjj!a 
.(2) j»3j (Jfrliji! (jjluw ^jJc. tsjil S Jcliill 4ila. Ijjj ^ninifl A ^jjjijS Jj^ii 

**-'J£ ? Afcl jj /J <La«2uball til Jjjll JjlaJj ^^A ^aJJ 

ajL^Vi <jL£j^ ^1 (Lipase) JjjjV ^jjl 4_kJ jj (Microbial cultures) 

llllLoi j3— 3 ^\ jJaJVI I^A J _jaJJ ^aJ t<J jjjjjjKj aa (_paLaa.l ^^Aj 

Lai .(6.2 JLill jJijl) (Glyceraldehyde 3 phosphate) jjLjj^JI j-iJS 

Aj»jJ)jl j£ jHuiIjjIj (J_aaJJ Cilia 'i^uLla «L)la il <_J^-^ ^ aa uilt <a aa SI 

(Fatty acyl- ^a a ^ ll Aj£ JjjJ jlJ Jkij .(Coenzyme A thioesters) 
J] ^ .(13.2 Jlill jbil) aJIsl. c^lib CoA) 

(j-o-mj .A ^jjjl LJ J*" ' ^2 GJijfc^ AjjUj J u' - ^^ till j J 

Jkjll 4jL& jV tiUjj .(P-oxidation) "tlu" s.i<a£^l c^lclis <alaj jLjiall li* 

SjjJ J '(P) "^W "^"U LS^" ^Haj^a*3l tlllliill ^-Sj-alU "Uajlj lAij 

4 JjjJjjVI (j-a J ^J)^ A j»jj>jl j£ U^" 1 ' J^"^j Aluilui (j^ 1 U "*'°'',' LtLiill (j-o 

aa *■ L r 1 ^J' a cs^ 4 " lj' m '' (jl S JJ-i (J^ (c^ AjujVI tlilclaill JJ^JJ J 

jj^Vl liA j t(Butyryl-CoA) A fjjjijS Jjjjjjj cs-a^ ujo^' 

^jLaill J' aall _>lajl) A*Jjiall jjc. <jLaajlll (_paLaa.VI AluiilLlj 

4j ^ajL (_^ill (Jclilill t-luil ''"'J 4a.j^j-all 4iajl^}ll ^_4-al Jj^su (j-a V i(jjic 

.(13.2 lS^II jJii!) (3) J .(Hydratase) <Skll ^ ^1 ^jiVl 
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Sjl^a. (_JSjooJ AiUa J^pJ a J *a ujll (_paLa^.VI JJ ' "^"'J (J^^ AjLafc jl 

ojlcj J!>Lk jxs lillj ^JJj .(j^aJ^I CllAaC. J^mlmJ («jj| ATP lS^^ '"'"',.^J 

j^Vb a^jj (13.2 J£fiS jJijl) (Reoxidation) FADH 2 _J 
laiL-a 1/2 O2 u#?^ J?- *■ j H 2 0 ^JJ H2O2 «4£^ Catalase 

Ajj^^JI AjaJI illllll£ll jll !i$J j .AjjI jaJI AaUall j* SjjjS A_ia£ liilj J!>U. jx 
<L_jia AluiLai Clllj (JjjVSJI J!Lo 4 g jl iLall ^J"^ uall (j^aLa^H ^^Ic <_>ll«J ^^ill 

U£j .4jjljaJI ajLLII t> aJjU a^S ^jjj (Long chain alkanes) 

4_iic. Jfi«J < g J uij La j AaAajalll i _uaUii. V j f LS Ajiis.}]! ,}l j^all j) t JllJUill J^aaJI 

aLIs AiUa Cjlj AjjIuJI jI j^ll jls jAtJI ^^ic. t jjjjSJI <J ^u.n jaa ^ AaUalb 

jxs jj^aliall j»-lgJI AjLaC. (JjxjjS ^jj ^jVI AllaJI j_ia AjIc-j Llli id <Jl& j_4J^£j 
J 1 ea3J LailJ . j_jj j£ll j^s ojLati. (JSL lilljj iojl^a. lJ^ j ^ A3Uall (_pajli 

jjJJ^ll (_>^^ t> U ^"'^ J AiiUallj Jalid^l (^J A^.UJI He CAjj£joJI ^A4> 

•CO2 (jj^J^ ?Ul u£ A ^Ij J£»1j 

Gluconeogenesis t> Jj^jlSJl ? j«u 4.2 

(C3 Jl C 2 ) (jj^J^ («-^-* j t^ 1 - Aj»JI Cllljjl£ll jajj LaAic- 

(j^ajl J LxJ jl tdjl ;<j all (illj L^jiLalui! JxJ iaxJ l5^>^I C$1 jl 

n'n'n.nl ^) Ciu jjjUI! S jlai. (3±uu (Metabolic intermediates) aLj^ j 
jl iiAjjl£ll aigJ ^jjjjjall jai .(4jfl-> .nit (j^La^VI jl Lactate ■ - V 'JjjIjj] 

AjJ axil oiA ^ j ( ( _pajVI '"'^ J^" 1 "- I ** ll jAJala f\^) y i jSj-JI ilia a lei _ajl ^li ad 

j> j»c.jllj .(14.2 J£^l jiajl) (Gluconeogenesis) cjlja^l j «. j^ij 

(6.2 j 5.2 JSj^II jJail) (Glycolysis) cAjjSjJI Jkj jLu^ cj^Lclij ^Jix* jl 
Cjj^jjjUII sjiuj ajjjl jl Vj '(Reversible) (j-l^xj^U aLIs Ci^Lclij ^ 
'(Phospho fructokinase) jj^j^l cjli-i s ji-j ^jii j (Pyruvate kinase) 

.(JjJjII ^L^-jJ ja Ajla 11 ili AjIc j t i _y£j*la Jcliij ^Liall jl«jjaluU V 
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Cilia jjjLJI (Ja li)Uajl Cilia jjJj j^ill jLoj jsl\ ^llljj (j^-aJ V 4jl LaJ 

^ La£ t<LLu ajIjI ojL»£ Jx«1uij CjjIJ jll jSjVI jla t(5iJa CiVU. <J Vj) 

Oxaloacetate + ATP — > Phosphoenolpyravate + ADP + C0 2 
(_J_jjjl_jijoo jail JjxuSjjj^ SjLj3 f^J>j' (Jc-^ll ^cLuLall ^>jjjVI (jj 
ajL& (J-LujI j& ^illj (Phosphoenolpyruvate carboxykinase) Cjjajjij 

(JjtLaJ (j-<uia 1 L i a c Clljluil jll^Sj) (jJj^J 4 jl<ir. ^J-"i l3f" • ^P?^ jSjuJI ^ j^ii 
j-jjlll j^'^H ^^Ifc j^ill jLoJE-L (jjlxJJ L»l '(3.3.2 ojaall t-M-u.^l 

4jLa*j ■ - 'j° jjjl ; < _ S JJ J^'j j'^^n jjli t<uiLs Cjj^jjjLJI jl (Lactate) 
CH 3 CH(OH).COOH + NAD 4 " CH 3 .CO.COOH + NADH 

_pLjj.il£ JJjl£ (=^3^ oJC-LuiaJ Cjjilull jll j£jl ^1 Cijli JJjJI (J _J^>JJ j»J 

I^Jtill Jfclilll (jjJJ La£ tdjlijJAjll 

CH3.CO.COOH + C0 2 + ATP -> COOH.CH 2 .CO.COOH + ADP 4- P, 

(jjxaj* La£ Cjjajjjb Jjiil jiuijS ^gJJ i - n"n » J jll j£jl J^j^-j f»J 

I^^ll LaS (jjlll (_pa-aa. ^^Ic jxull <lla. Jclaill (J*? 6 UJ^JJ 

Lactic acid + NAD + + 2ATP— » Phosphoenol pyruvate + NADH 
+2Pi + 2 ATP + 

jS^ull J^-j jlxu-a ^ ^jj^VI ^»^c <Liuullj Lol 

jjj£jall (JiAiui ja ojkai ajjjl ^1 c^jAxiall Jclijll (Glycolysis) 
6j 1 jJL cjlLu jill ^jLiill jj&ja ^ ^ ill (Phospho fructokinase) 
iaLij <_£U. ^KuiJI Ja. jl^aLa <jU '(Fructose 1 .6-bisphosphate) 

Fructose 1.6-) Cjli^jall jJUS jjjSjall CjlLujall Alljl fjjjl 

ijtlilll US (bisphosphate 

Fructose 1 .6 diphosphate + H 2 0 — ^Fructose 6- monophosphate + 
inorganic phosphate 
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Acetyl-CoA 



OxaJo acetate 



ATP 



ADP 




- CO? 



Phosphoenolpyruvaie 



(3) 



Fructose 1 ,6-bisphosphate 



Fructose 6- phosphate 



(5) 



Glucose 6- phosphate 



Pentose phosphate cycle 
(Cs and C« sugars) 
polysaccharides etc 



(> LfcLkiJ . (Gluconeogenesis sequence) 

Glyoxylate" JjJ*1I o^j^fl jL*. 
CuiuJjJIjSji ^1 (12.2 Jl&l jlijl) "bypass 
^jj^W J>ulji*-99 ^1 (»j (Oxaloacetate) 
jkjjji (2) Aku«ljj t(Phosphoenol pyruvate) 

(Phosphoenol pyruvate carboxykinase) 
liliujill /-JUS 1'6 jjjSji ^1 Jj 3 -^ ^ 
jLuJI jlail) t(6-biphosphate«Fructose 1) 

Jlaj tiUjjjl (3) Jjjia 0* (6-2 

Jeliifl (^Ic a jJlill (glycolysis) 
Reversed glycolytic sequence ) o >S »i» fl 
fLUt jj^jj li* '(of enzymes 

^j^ac jjft Ciliujja gjjJ (Hydrolysed) 
eJcLuLaj tSUSj (Inorganic phosphate = Pi) 
^Uj jjjS jill Ciliui (4) 
.(6-biphosphatase«Fructose 1) liliujill 
jjSSjiil jii (5) JjIjj4jJjI fkjjjl (ijij j»j 

-6 jjSjis .(Glucose 6-phosphate) 

La£ /. i ill ta j| jiuill llilLud jLuu ijli-ujS 

Pentose phosphate ) (7 2) Ji&l ^ 
* : -^' <ULulluiI L>£ '(pathway 

. (Polysaccharides) 
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Uiij i(Reverse glycolysis) ji-JI J^il 4-i. At JI ajL«JI <kJ jj (Hexose) 

llAjjoi j3 jLaw (JJjia (Jfr (C5 J C4) 4-luil aa II j Ajc-U^I tlAjjiuJI ^jli eaJ ^jj 

^L^l ^jUII <^ V .(7.2) J^l t ^UkJ1 >J 

'(Glucose -6-phosphate) jj^jKil cjlij ja jSlj i.ui?JI ji*JI * y& aA**! 

^tiiV (JajUjuoJ lilS^S j tAcjILall (_£jlaJ jl.laJI ■ - ll £j a aJ ,j JarJjolJ ^ill 

AjjI Ajj^JI ^ AiUafl OjJ jj 5.2 

Energy production in aerobic microorganisms 

<Ula.j l(7.2 J 6.2 ipKnlll) jj£ jKll l_jMslJ 2jaj< UjLa I ia i a jl jiil 

' (9.2 JLill) (Tricarboxylic acid cycle) jjj^I (^j^j ii&lclii 

Jl£JiVl jrl^V FAD_Slj *NADP + *NAD + ^ (Co-factors) SjbL-J 
Jc. Jj^JI ^ ^ .FADH 2 j NADPH <NADH ^talL aT^I 

a 1st o diltlij <fc jxa a ^>jc. tAjjIj^JI Cjljjl£]l ^ " 111 jf^ail s^J (JljiaVI AiUa 
si* (_gJc ^jU^j . «.La ^ljj^j 1 " Ua J (_£_aaJI (jjajaiS^U Jlj!ia.l ^1 AjlgjSlj 

Jal jill U (Oxidative phosphorylation) S^S>JI s jiuiJI c^Uill 
Ijjli (Electron transport chain) "qjjp^V' l& aLAJ 1 ^-oj-u ^211 (Carriers) 

(jjjjjjll ^1 (jja.jjAl^JI Jjl jjj j CllljjjJ^lyi 4jul22a3l ClLyLcliiillj a jiij 

^£.ijj .*L»JI 0 2 (jj^-^VI (j-a U0U2I ^ (Hydrogen ions - proton) 
(Electron transport- J\ ETP I jL^ia.1 SjL^iHj AiijJI jjJ&SYI Aii j 
j yj J ^ a j ja ajLxJI till] (j^L^Vl <-i^!l uj^jj coupled phosphorylation) 

Jaj Aluiiu:" (JS.i.'uj .^_jla. (JjiSJJ AjLsC (jt sjljc IfrLa? aj AjJ aaul j 4 ATP SI 

^^loj L.Ui3 (ATP synthase) ATP-Sl ^9 ^j&l ^ "ujJ^VI 
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La! tLjjJJ^jll Ait iC jlaJI ■ all sLuitJI 4tih (jj^J iCjLi j^aJI 

j! tiiUaajoJI i_£lc. ^ a.t.js ja jli (Eukaryotes) AjLaaJ Si jill dli L£UJI 

.(Mitochondrial membrane) LjAi j£ jIlJ 

(j* (jiiiaaj (P;) £« jjJaxSI JJC. Clliui jillj ADP Aj3 jVl SjLJ j-a ATP SI 

jjl .15.2 J^»rt\l jjJJ La£ 2 t jU/.t) SjL«1| S.mU L-LmaO Aj^Ij L-llc-VI ^ j tAluiLnSI 
as 1 £ya ^C.jSL) > ' " ll jjl S SI ■ a ,j 4_uiaj _aio ATP SI ^J' L oS AjIaCj Iaia 

Respiratory Q*a2\) aLA^ LjaJ ^-a^j) ujJ^V' Alalia ,J i_£Lia.VI 
Jiill <J LaS (LjAi jIiaI!) CiLiajjJI ^ Sjja. j-aSI lillj j UjiiSJ jjj (chain 

j£ LiulijjjI Ljiiij Aitj dlLja luill Ait Lj niqj AjIaxSI AjjlLa ( - Laj tlua. ( 15.3 

ja ATP synthase Lff ^ol\ j ATP— SI jjI^j J*** jl .(Escherichia coli) 

A^a. (j-a 8 jtiau ' lua J » LumlII jJ ^jJa^C £_kiaj^s ji cl_lS^ya (JJJJ^ 
(jja.jjAigJI (jjJj^)J ^'jMJ ^ t » LjitJI (j- 4 * JT"^ " 'AjlAj^jaJI Aa.1 jJJj 

Aiuluu LliijVL Ajjla-aSI jIjJ IaS LaAi*i .(16.2 Jlill) ls >Vl A«aJI H + 

^»£l jjll » LuitJI Jila. (jx ^^)aj s j^piall tllLi jjj^)j5l (j^ Aij" 4 ^ L)\^ UJJ^^V^ 
^glc. A-a£ljia]l CjlijJj jJI (Laxjj ((AJjla-aSI AlLkll AaJ jll) A.uiaU..i5l A^aJI ( _ ? ]c- 

^Jl ^jjj La 4^a_j*ll j^ja LpljjJ jjiao JiU. (> ATP synthase— SI lL>& 

.ATP— 51 t> ja. JAuuS (Pi) ^ jjJaC.!iSI jjLj jaSI ^ ADP— SI g-aJ Ajlat 

<> .Proton motive force = PMF Jj*iiU jjj jjjSI S jS aSLUI si* ^-a^j 
LjJ ATP synthase— 51 j ujj^V' aLAu! ^Sj-aj «.LiiSI J%a <J ^Jal jll 

lilLiA (jj^J (jl <il5i (jjJ (j-«J f ;_)'•*"* .'^ Lj i '■*"*.'.' (Jtlilll t-il^jial (JS JaJjJ JjAll JJjL^SI 
aja Sj (j^-aJ ojj£Aa1I Aj^iLMI JljiibVI Clllljjj^ AjjoiilLl 

: L^ Cj^liill 

NADPH + 3 ADP + 3P ; + \0 2 ->■ NADP+ + 3ATP + H 2 0 
NADH + 3 ADP + 3P ; + \0 2 ->■ NAD+ + 3ATP + H 2 0 
FADH + 2ADP + 2Pj + ) 2 0 2 -> FAD + 2ATP + H 2 0 
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(9) 



Succinate dehydrogenase 
ADP (FAD/FADH 2 ) ADP 

t I I 

Ox. Fe-S » Reduced . * 



NADH 
(, dehydrogenase 

• -"^ Red. Fe-S 
I 

ATP 



Fe 1 ' 



Ubiquinone- 



Ubiquinone [ cytochrome c J Cytochrome c 
reductase A 



Oxidisi 



(b) 



Succinate 

| 

Succinate dehydrogenase 
ADP (FAD/FADH2) 

t I 

Ox. Fe-S . Reduced 



NADH 
dehydrogenase 



Red. Fe-S 
I 

ATP 



neouceo * 
Menaquinone ' 



Oxidised 



J 

ATP 



ATP 

I 

Cytochrome 
bEGS I " 

ATP 

ADP 
Cytochrome - 
b568 

I 

ATP 



Fe 3 - 



ADP 

\ 

Fe 3 " 

Cytochromes 
a. tas 

Fe>- 
\ 

ATP 



H;0 



Jo, 



ATP 

c 

- Cytochrome o \ 

I v. 

ATP 
ADP 

■ Cytochrome d 



r 



H;0 



Jo, 
H20 



I 



Jo, 



ATP 



Electron transport-coupled ) » jiuitt jjal JHi\ ^Uai :15.2 J£*2J1 
LjjjSj ^ (u) j LjiijSjiiU ^1 cjl jtjuifl (S) (phosphorylation System(ETP) 
Electron carriers Qjjj^l 4l»laJI cjba <j£ ^ j ^ .E.coli lsVjS 

4 n (3JJ^ ^2Ufc J,'"'^ a It (2>a JS (^i AjLaJI ^ j^iiJjj Ujjjjj jus <1ui ^Ija (jl dija 

jjl il iLaj jjc. <ys ATP— !l ADP— II S jiui 4jLul! ^jJ! ^ j^al 

jjc u£ liA jajlaJI ATP synthase ^ j^l p±>^' ^ J^aaj <illi S jiuASl Sjiac 

■ (16.2 JluJI jUjl) Sjiuiil (jC 4jj>oi4Jlj c-luJUl <ji 4jjLjji]l 4j£ ja. UU; ^ua 

^2>Ij3I c^ltliilb ^iLuJI (ills (j* jjaaJI ATP— II J j' — *a ajIc j 
_JI ^ ATP— SI g\Z UUJ jjlLj .2 j 3 .3 JmUSU ja SjjSUI 
Jjpil AjLac. j> iutfJI ATP—SI 4^ ^ <A (P/O ratio) P/O 

.(jjjjjj^j Jflj lillj ^jifc l_£j jjjj H2O ALjaJj V2 O2 U J> ■ "^ 1 t-LSj*- 

i^ya Aa.lj (J_^o ^ ATP SI 4j-a£ 1.2 (Jj-laJI (_)«aaJj 

<i!3i j> gjbSI CiajjjUll t-j^liLalj (6.2 Jlill) EMP— SI jL^u «u!ASLiil ^c. 
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Llla. j^JJ La£ .(9.2 J£->*JI) cs-£^' Jj.mi£ jj (jixaa. Alia. Cliltlij J!>U. 

.(Citric acid cycle) liLjiJI o^*^ ^j^LaL Vljia! j Qjj&WI 



jjSjKJI AjL>c (> ATP— Jl :1.2 Jj.iaJ 


ATP-ll t> (mole) J 












(hexose) ^I-lJ 




:(i_ i^jjjU JJ jjS jiS) l.i 11 tJjlaj 


0 2 




Jj- 2 = ATP-ll JLJI jrtiSyi 


6 




3 x Jj- 2 = NADH 

* l\ M^-L \ \ \ ■ 111 \\ t \ \& * \\ * 

. , \ o— ujjji y ^ji *■ 1 im o jjlj 


6 




Z l-JuA (j! Laj Z XI j X (J J— ^ lN/\L/rl 








18 




2 d!bA J 2 x) 3 x Jj- 3 - NADH 

(A jS JiiJ 


4 




2 <4b* jt 2 x) 2 x Jj- 1 = FADH 2 

(A jS JiU 


M 2 




(A j£ J#J 2 A* J ^ 2 x) Jj- 1 = ATP 


38 







AjUjolSjju S jiui juJjI Aku,!jj t (9.2) Jiifl j&! <GTP_1I <> (._») .(1.6.2) 5 jiiS 

(Nucleotide diphosphate kinase) iiiliujM ^jUj 
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tXrtade 



Membrane 



-=ice 



V 



31+ ■ — H 




Electron bsJZti\ caLU .ETP-21 ^Ijj&I 51* :16.2 Jlill 

j| j^JI SiuiSI j>jj Uifc .(15.2 Jiill jJajS) iiuieVI <>ui transport carriers 
iuSlx*!! 4^»JI jaJ f Luill jjc Ojjjj^I ^J 3 -" & AH2 —j Ifl > jAj (Reductant) 

ATP SI kiUij J jSj j jil 5 >a fLuiSI CjUjjjjjSI si* jjju jij .jJjiVnfl JIjaSI j ,9*J jliaJ 

.Pi (i^Ldxil jjc jjiyijiil j-a ADP— II jUjIj Jliij ATP— SI jjI^j AjL»c synthase 

Anaerobic metabolism ^1 ja!iUI o^jVI 6.2 

General concepts ^>U> 1.6.2 

(Oxidative a.i».i£>a]l Sjiuill aA»& J. V l_s jji> <J 

^3l| AijiaJi AiUalt jja^ jl ajLlII V 'phosphorylation) 

'(Substrate level phosphorylation) "ajJjSM ^jlj^ ^ SjioiJt" 
tj;}«-a ujj j^' sAj' ^ j-° fl ufU^iL-iij (jl ■ . '-^j tilli] t(2.2 j 1 .2 

4_jJ 1 ■ gjl (Jjsll ~ 1 — . ^Ij^JI ^Uaillj 4 a laajjU LaJ 5jjlLa liiljj tLiLiJI 
Ij^C. ^ ill ■ 11 Ajla SI (jlfl i^l^^l aUaill 4 Saj al j; (j^i tjjj U^ 8 *^"^ 
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(jj j 4<j£ax AjlUi fjicli 4iUall *-ljjJ SjUtl J jUj j^jl i_s jjJaJI <J 
(Ja.1 (j* lg-al.lklJ ojl&j (j^ .jjV 4<J jVI .ll >all ,j-a A^jUSI AjjILaII 4ilk]l 

oiui£l (jljaj (j-a AjIcj «Uia SI ^ is.jj.li-a 1 gJJ a£ (jj jj ijclijll AjjIj-aJjoil 

^a£l JJJ < _ S HJ) d SaJ i a jll (jjj^)£ll A jaSI (_pa*jl (Jl jdil ^jUr. ^-a 2 jjfra ait jl j-all 

I^gJj LaJ (JclliS! j — -~- Lj . tilSil jT'*' 

X + NADH -> XH2 + NAD + 



Substrate-level ) AJjVI ij-»fl j jluw S jiuiJI c&lftli3 :2.2 JjJ»J 




A^jI jfcV tijjla (phosphorylation 




P J-UlAJl J&llul 




6.2 


i tc * * ^1 

-3 <- ADP 

ATP + 1 ""j' " ■ " 


tjjjj '"^ J°' "J^ SjSjulS jXl jjl — 1 

(Phosphoglycerol kinase) 




+ ■ " ua j ul j (Jjjjl jiuja 


Cliia jjjU S jiuia jjl — 2 


6.2 


ATP + c^jjjIj <— ADP 


(Pyruvate kinase) 


jLujJJ^I £jLul J 


<— ADP + Olio: j3 JjdJ 

ATP + i^jiJ 


ClilljAull ojiuiS, (X) jjl — 3 

(Acetate kinase) 


LjjjSjSI ,J 
Enterobacteria 


ADP + Cjliujja Jjjj jjj 






ATP + 61^ 


(Butyrate kinase) 


Allantoin 






SI Ljji&j (J 






La^ic. Clostridia 


ADP + Clliu: j3 Jia jjjl£ 


ClyLaljjl£ - 5 


_SI ts le (.giijj 


ATP + cjjLaLjl£ <- 


(Carbamate kinase) 


Arginine 






Clostridia 

ojLa ^^Ic 1»"n 

Xanthine 


ADP + N 10 -formyl-H- 
Formate <- P; + folate 
H 4 folate + ATP + 


(Jj-ajjS £JAl-oj j=J jjl — 6 

(Formyl- t-yl ja jjajUI j±j 
tetrahydrofolate synthase) 
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LpLa. plii] \£\h IfrLaalJ all St j"U/,.\l AjjUall <j« Jaitt ibS lp ja> 

.(m ~ 1.2) L£ Liajl ^IjikV lillij t(Carbon Intermediates) 

J^U. jj^lall ATP SI ls Ll Ajiiil j3 jlall .lia. j\\ aILLII j,l.^a.fl jli j 

^^k. Ailal (2.2) Jj-l?JI (jJJJ -"MjV ^ >^ 4-ljl _jA!UI JJ i aSlll j 

substrate-level ) <J jVl s^UJI ^ Sjiuill ajLc. 

^ SjjaJJ AiUall 5^ <^aJ ^jjUjj (phosphorylation 

Liajl i «hA.* Lo£ t?.l.li£ <Loxluuilt a-jLall ■ ■ 1 ■ ua J ■ aliaJ *iHj£ j t^illa all 

jijjjl .2_aa._oj 4_a.lijl Iajj (_£iHj ijcliiill (=jbjj ^tii-a£ ^£Ijjj ' " '/'J i "V I La lij 

.(2.2 Jj^l jJiil) JUi (Acetyl kinase) J^VI 

(<_luiai 4jj$a_a5l eUa>Vl <J J' aaJ V AjjI jA^UI AijULj a^SI 4jLc (j! 

(Lactic acid) ^g-ijUl j - --^ « -^j illoi .aJIjII cjUI jjaJ ,J I ■ al Lojjj 

eU>Vl .^jJaLijll cl^Vl <J <JUJ ikj* JiU. JjjjJaLijll CliLjaC. 

(Ja.1.1 ^SIjjj j^lll S Ijfia all <jjjjj£]l '"'^ ;<j all j^i *JJ^ pLP' '^..'J^ ? *M 

(j^LaikVI J '(<jjjlll LjiiaJI ^ '.'^1 (_>b-aaJI lg-La 4^jl jAV JS.uiJ ^j-olill <jjl£ll 

tdjjJJj jJI j (Butyric) dhjij±A\ l _yaAsS » jj ■ aSlt aLwLuJI Cj|i 4-Laa ujll 

Ethanol J jjIjjV' j Propanol J jjWjjj J" J j^SS g^" ^(Propionic) 
c(Methanogenic bacteria) cfii*& oljjl£3l .(17.2 JUUI jlsul) 

a-lgj LS^~^ ^"''"^ ^"'J"^^ <JI JJa.^1 jl j-o glli j lillj (ja -lajl <_JA ju j_5^l J 

.(17.2 J^niti ^ (jjj-a jjc.) ajL«JI 

jSjjJI (Jj^"' jjla (jx gJJ all ' - J JJ^ .' ij^ Cff^i 'J^V^ *g (J>° 

aJj^j jjc. tLijja. jlj iJclijUj j-aiuLi t_a_ojai t6.2 J^JI («s La£ (Glycolysis) 

•jJI Aj.,.,ujj]| aLLJI AjIjVI Jlj*ll JJ2 JJJ tSlSjj c^jJ^iill Jj....£ jjj^ll (_>^aa. Alia. 

t 

2- jSjl - 2 SI ^jijJJ (J£.u'iJj adllj ^jJaJI (JjlLalll AjLaC ^ (J.<i,tJli.iU 

li^S (jJ-^Vl tj^JI j£] j i(Oxaloacetate) CiiiJ jll jSjVlj oxoglutarate 
j] aILJI s^a dLiUilia ^ «3U1| NADH— II ,jl jj i^iLLlI jrljjl (j^l Jj^VI 
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Jcliil f _pUI gi^n^Vl V aJ*J J UlL ATP J\ Jjpi 

^ (jjjJ^Wl (J;°"'"'' (jj^uiSVI jjc- sjLo ^JJj"'^.'^ pi jjl (j '-— « j ijfc^j ia^imall j 

JL£ .ATP—SI E t32L L, |j* 4(15.2 Jiil! ^ jjSU) ETP—51 r Uu 
Lia j& (Nitrate) Cil juLill -i.v^i.,.i t5 J e SjjISII tSllj A^aJ! cAjjl£JI cflii 

Jjsiou j«j (Nitrite) ^-4J^ J$ W^J^ 1 r4> cs^ 1 'uj^j'^Vl c> 
(N 2 ) jjfetj LiLp-i j '*Lj2»Vl (NH4) Ljj j*\ tSSJj j*j Jjp^j (>j 

^jLuJI (J^all Lii jJijl) <(Denitrification) ^ya. jjuljll -ijla ajLc. 

(Sulphate) CjUUI JjSaJ Liai tSlU* t(Methanogens) ajLuu 
(Sulphate reducing cAiLJl aJjilJ LjjiiSJI _^ H 2 S oja. AAjj^ 
ATP— 11 t> Al^laJI J ^jj 4 J ja.YI <_K .oi^-u^SU Jj^j£ bacteria) 

(Substrate-level phosphorylation) aJ jVl sjUI ^ jiu^ Jc. SjLuill AjLjki 



CO! 



BMBM 



H! 



nam 



BUOMC aclfl 



Sucdnyl-CoA 









Propionic aaa 






Propanol 




< 



BuiyncacB 




MM 



PropKxiyl-CoA 



2.^BuiaredCil 



COA.CO; 







2 -propanol 


1— 





Propanol 



(| jfl Jetitfl R_j jlA; .Aim* Aja. tiUilS ^ <jil >5U! u&Slytfl gj) JJ :17.2 Jtilt 
ji LjJl J\ gOS J Aiil&l (iljUaVI JilJ Aail^l iUS >J1 .NADH —M JUjlU SjU>I ^fl 
u& (Succinyl-coA) AjS Jj mi nS< n Jjaj Auiaft >-ia i(-ij -(jaJI '." t^lfr J «j 

tlijjjjjj <jii»^ (Butyryl-CoA) AjS JjjjjjjJIj ( (Succinic acid) I'lminSin (j^ 4 ^ 
•ATP Allkil ja. jrLUj (Acetic acid) Jifl o 2 *** cr 1 ! AjS Jjl^Sflj '(Butyric acid) 
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Products of anaerobic metabolism ^IjAiUI ^itjj 2.6.2 

<ljik<a CjU£ja] AaJjiall 4-luiJJjJI dL/Lclail] L^akLo 17.2 (J£jjo1I (jJJJ 

J AjLac jj jjLaiJI jj ^±u '(Glycerol) < J j j ■ "j^ — 

. Jjjljjl JJ Ciiajjjlj 

Lactic acid ^jIII Lsj££JI J*-a^> '(Lactic acid) l^*^ _ 

•bacteria 

Ljj^M Jjs 2 r i*^4 t (Formic acid) <_U^ o^**^ ~~ 
jLjll ^jj-ajji ^ jjjIj ftjjj' ^ j '(Enterobacteria) 

^ J ja^j J jjloj cii* jjall j .(Pyruvate-formate lyase) 

C>° j-'f JJ ^ it JjJ^° f^j^' SJcLjiaJ (jj^jjilA j (jjjj£]l 1 j i 

.(Formate dehydrogenase) Cn* jjAll 

t ^jJjjojS Jjoi (jjujuLajjlSLoi oLajoba]! jjLaiJI <*1» aJ t(EthailOl) 4 (J jjljjj ~~ 

(jjjjj-aj-ajl j <j% Ljjjj^I j i(Saccharomyces cerevisiae) 

.cjLijiaa]l ^1 jjl (j^uj (Zymomonas) 
l^iaj LijjjIi Jj3 u-° '(2*3 butanediol) JjAuIjjj 3,2 - 
(> (_5 jiJ ^1 jjl Liajlj (Serratia marcescens) jl* Lj^l j^ 

.(Bacillus) CjI-u ^t JI 
Jjjbjjjll l>«jj (Acetone) jjiiJ (Butanol) J jjtjj^ - 
bji&b JjS <> '(2-Propanol) JjjIjjjj ~2 J (Propanol) 
tdjjijjj (jia^ gib Ig-^iaxjj (.(Clostredium spp.) b-iijiujjK 

.(Butyric acid) 

^Jjjjjjj Lijiili Jj5 ;> ^i^ll '(Propanoic acid) i4Aj£jjj o^**- ~ 

. (Propionibacterium) 
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(j^Laa.Vlj liLj 1 -^ t>a^ J" (Organic acids) ^la^Vl^ 

.(purine) ojjj^ 1 J*-j t5 ^^' 

JW^ U_*l£ S-^J* J* (17.2 J JJt) (jj 

j i{Archaeabacteria) <-i j*j jll LjjjjSjII ^ j (Archaea) 

(CO2 + lA^J U_*l£ ^fr " "* J^ Jj '"U"'-'"'^ jUaj^jl J!>La. (_>a 

JjjIIiaII jl iCC^ <j_WJ^ ^m Sl jlj Jljikl (j-a Liajl jl iCH^ 

<(HCOOH) lU3I J t ((CH 3 CH 2 OH) JjjllYI J <CH 3 OH) 

Biosynthesis JA*^ J 7.2 

-Jlj NADH) J jpiV! s jjSj (ATP) 55UJI <> ^kJI 5jj> ^ 

(5.2 JSJtfl Jal) fclUI aJjV! frUJI CjI^j j> jpJI U£ t (NADPH 

Jll (Precursor) <slLA\ aJjVI *UJI CjI^j <A±A\ ii.\3 ■ *»-»■ .l^LAI j 
(Macromolecules) Sj^l cjlisjaJ ^jj^JI eLijU 4-iJ-J^I CjUjIII J£j£j 
Uuli jJI j CjLu jiVl uii jjJI j (RNA j DNA) <j? jjill o^**^^ 

<_sili]l ■ . u£jj (J^Jij j}' SJSjlaII j iAjJic.^ ^ uJI j ( (^ alia all 

jLuw j c5jjsJI e\iA\ CjLiLac. qa ^ j£ aj .(Cell envelope) L^jlaJI 

£j| jM J_^l Jail) uM I 

(Primary <J jVl o^£i\ cjULac. jjj La^a 15 ja jSca jl j l^Jj ©LajVI 
Jllj (Secondary metabolism) ^jjjljil o^jVl CjLiLacj metabolism) 
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(Primary metabolism) <A#' o* 3 ^ dlAas^ 1.7.2 

* 

^iJI t(Tropophase) Juull aI^j* LiaJ '"<^J o^4 ^LjW' cr^' 

c_Sjj]i Ij&fc .(18.2 J^juill) la-la all iajui_aSI ^fl pl^aJI j^a (jiajli l$£la. j3_«JJ 

. l»k>ij jiL (Exponential) ^1 <_£4? >A? ^laJI fj^ 

' jJJj^j) Sjjj£]I CjljJ^aJI j 4 aSlia cl\ CjL£j-a]l (_g j1ul.o jj^J AjtaJI o^A 

j£L CjLSjJI lilli jjj j£l j . AlhJitMM LS lc\ (J (RNA tDNA '(jj*- 2 

. Cjijll £-a 1 LI <"<j i a ^ill yalA) ^Ski £a 

V LIS (j^aj^l jj (jl jj t j.<u,'-'U (—L^lalui'VI jli t L_ia jj (j^ ^c.j]Lj . (JJiSI 

La]Ua (_pajl ClULaju ^LiaSLj jaLujJ Ajla SI jli liSJil <L}la SI Cjj^ .lie V] jj^J 
l^S V oLtaJLj ■ > \'"*'ll 2jU\l Cjjljl lili c4_Wi>l jp£l <Jj ■ ^ (jAxll j i4ja* 

.t-lvlaluiVI (j-a iSjJJ*^ t^-j- 1 ^' -laJL ^liall ,j-a 



- Tropophase 



Wiophase 




Biotna&s 



(•jjSj Ujjft ijiaj^l >a Jji fjk .^jjlill j <j!jStl O^jSn J»l >a .y^JJjaJ! >u2l :18.2 Jiill 

AjjIjjUI jIj^II Js uJiM iTropophase o-uijjjjjj'l = (Balanced growth) Ujlji* >»iJ) 

jJlaSI) AjlaJI jaj jli ( jjjjSlI jjft) AjjLail Sijj>1\ eJA Ail j ■■ l Jjftj .<j*ajli Sj2jla 

j»jcj jjLuJL jjAii Idiophase ^aLi. 5Ja.>a (secondary metabolites) 
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je Lg-33jJ Axj IgAvLi. j-o jjjj^ll (3^-^ AjjIjaLuV Ajla II ^Ljli.1 jj 

jjc. ■ - )1 ;<j a ^Lljl (_>*ajVI dlLjLaC. jLuia A_^jjj jl ^ ■ bjjj cjjl£lllj ^LuijVI 

. JslSUI L_aajj ^1 Ijiu L$j1I A^LaJI (j-aallij JjlSlU AjjjL^I CjL£jJI lillj 

^V j£lj 

LaS 'AjAi. (j-a L^Lijj j* Vj (Turnover) <_j!>Lajl Sjj^ ^is y^llj ajjuLujVI 

(J Ic. 2 S^al - aj| La£ iDNA— 11 ^jUall JlaJI gjL^ ^ jt qa Liai AJ V 

AJ V ^IjVI (J^VI C1L3L& jl lillj t^iuj .^1J ... AjJjIj-alJj RNA —II ^Liil 
jJajl) (_£jjLlll (_>ojVI ^jljVI (_>ajVI (j"° l3^J^L5 'J-o^j j' 

jl j£aJ ^glll ^jjUill <>ajVI t> ^jLill jl j-all SaJ lillil AaJlj .(18.2 Jiill 
JjjjVI (_P^Lj (J j j i ujlS jl oSLx n CjLij£jui (J£.i.'>'u) Ajla II 

j1 Ljajl u^ojj i(>i& (jiijLJI Jj^aall jiul) (Triacylglycerol) 
ajjj-^iII ^Laa-Vlj A_iii*Vl L^aUa-VL^ (Primary metabolites) aJJ q^Ji 

^cljj (jl LiLli.1 j£-aJ La£ t(jjoiC ^jiLaLa Slj jjoiC- £jl_)ll j*^ i aill ^Lajl^ 
Ajlxi ' " J .'^J a) (jjljJ-all _4Aill ,j Ajuj-aLa l_lLLa£j S-lLc AiJjjj V 

llllj CjLiSjaII oi&j .(^Jic. (j^sLill J' aall AjjjaJI dll^L ^all dll j\jJa^a]l£ 

.AjjJaJI Ajlalll L5J^ AxaAl 

■ - \ia ' a aai tAjiaJI diLijl£ll ^1 jjl jjj ' allaj <_£ jjLill (_pajVI dlLaala (jl LaJ 

(j^aliii ^1 t(Idiophase) *ja$-1I jl J>aiJI jjljiall jj& _4Aill a!*.ja 

jjc. ^I_4a1I (ja AjjjLill (_pajVI ^l_jj ^j' 1 ' aS ^JJ .jjl jilall jajII Aii.j-a ^-o 
.Aj-aijaill (_paLa^VI J j_aS _jKll AjLaC j-a ^ J - **"' 1 ""' Clill jV ^^jll 'LgJ <— 1 jC-^all 

.(19.2 Jlill jbil) AjjjlUI o^jVl 

V Ljjl LaJj .A^J^i (J£joU Ai jjw jjc. Ajjjllll (_pajVI ' " d .'^ J " Aillaj jl 

jl LaJj . jjl£lllj j-aiU Ajjjjj^ia JJC. lij I jjl j!Lall jAill Aii.^ (jL^Li ^tlli 

.L^ijUajj IAjIjJI ^JJJ 1 i tajl ^Sjilall (j*3 il&jjj La£ ' aliaj AjjjLill CllLl£^all 
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Ajjjliill ^&jl (ji ^>ii*j dj^l t(jLill oi* lJ^j^ (jljjjj^-o jl (jyij i^Iua 

Ajla SI (j- 0 ^ ^ aHuil Lj-il jl tA-Ut-ulall AilJI 11 oLiaJ Ljjjj^ia Ijj^ 

"LuijAaII Lai Aj all jjUU 1 frli al j Lo-ljlaj j IgJJjlLa ■ -la i aJ ( La A^LaJ 
Ajlai ^1 <iuuIU 4-ajS 4j| V Lpl^J AjjjLMI ilLSjJI jl jjIu Lpli AjjIjII 

jkill (j^u .AjkJI ^1 a^uILi 

.jLaj (J£ ^ AjjJiJI Ajlaill <WjUjail (j^-aJ La ^aI AjjjUill (_pajVI 



Pyruvate 



CO* 

laoprene unils (Gs) 

;<2 




Cr&ariatitacanalB 



Fatty acids .;oi la A fats) 



Poly-^-hydrcjftybutyrartB 



PDlykjefide& 



Quinanes 




Terpenes 



Sterols 



Gi*erBllinE 



Caralenciids 



jlaVI JilJ ^J- 4 <_r*J 'AjS J;"j- "i ojLa "LjjLilSI 0^$' dLaaia JjJjj :19.2 JluJI 

.Jul jill siA (jiasu jj ^ ubLLil <^j* ^ UU " n 
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Control of metabolic processes o^jVI cjLlafr Ixu-aj fJau 8.2 



Metabolic flux JflJi 1.8.2 

j^uLja] uta 4ij^)ia £j-«aj *UjLa-a (j-ajiia "(J^ajj/I t3^" ~ J£ ° " 

' '"fc-*- " 4Jajjj (j^ajVI ciiU£^a (jja-ii Ajjuii (jjiUalj (Rate) o^jVI as-jj^ 

CllLajjjl O^cLuiiAj ^»JJ 4<Jl±jl£ olajl ^Ij (_pajVI dL/L&lij (jl ^-aJj • (Jc-liiill CllljLaus 

.sis tiiaJI (jjo 1 ^ l>° ^ts^ '*^ a > AjLoc (jli t4 . 

Rate-) ajIIjII d^liil! 

jj^j axj .(JcUjII S'Uyji aI^jJIj 41iauij (jLaj U J (limiting step 

jjc Jj>iiJI cj jjJI (Amplification) ^ ■ ^ ajI jjll *Lal*J 31 tULaaj 

tilli JaLoii iajflj (j^-aJ ^-a£ ( jLuia]I £Jjjaii ^-HjILjj tAjjllai o-ll-jji f^3^' '-^ 
£-jl^>JI 1 aflil j 20.2 (JSjjoII ^aj') jt-ui*Jt L_Sjjj jj] ^jJji (J^-" 1 fO^' 

. ( " "I a SI j 

Rate-limiting ) c^lcliill kcj^ ^ J^UJI 3J jl J}U> ^ 

V JJ-a^l U^J " ; w " JJC- <La^J l_l jliaxJI <_s£j*3l ^lliV (j^*^ (step 
<J-a*J AjuliiLa ClL/lelij ^^uJ «LuLjLall CllLajjjVI (jj . all a^gJ (jj^J 

l&Aic. I All ( jLuuall ^ ^Laa-VI Jelidl] * Sajxll (JJjlSI <ll j] Aicj t L-luil JJ n J£jiu 

.(Rate-limiting step) £5^4^ jj-i? f>USlL (<u»ij jLuJI ^i) Jtill fujjfyl 

(j-a Aj ^ t^^ic! L - (j^*-* jLo^-a C^kc lail (jU*JI (3vlial LiJjl (jli AjIcj 

JtLaS jSij . jLuiall tlilclij JS (jft <1jJjoia]I CjLajJ)jVI <_J^ <LaLuo Ajjja. <jj^jA 

Metabolic bottle ) (^oj ^1 L ya&\ cjlljU. J CjIs _»«-a <ll jl ^ 

1 >ir \\ (_paLaa.VI (j-a JJ3 j ^Ijjj :5-ajl5 aJj^C J jj^a3 Jjiuj jjill (neck 

.(jJic. (j-aldll J' aill) AjjJaJI (— ll^Li ja^all ^tijjj (^J^- J' asll) 

98 



DMA 






RBpicaoan j\ jSZ 


DMA 








RNA (mRNA) 






mRNA * rbosome 




mRNA 







(Replicated) ui&Laij oi DNA— !l oi to ■ !alai - =20.2 Jlill 
(mRNA) Jj- jil RNA— !l ^ J ^ ^ '(S^l ^aJI *U#I) jjj* DNA 
iku.ljj (Decoded or translated) ji Ajjii Jaj ^Ulj 
DNA —SI SluAu. ^ jcljal] (^^1 J^iuuil £la .AjImVI o^ 1 -"^ 3iL2aU dJj j 

^jjj U jj^j ^1 (mRNA) J>- jJI RNA— Jl ^ Jeljill J^iuu jlHI j±sj J\) 
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jl , ^."4.1 i Ajjxa A alia a JI£joiL) (j_aJj£]l t^Si ajjalij laJ i ia (j£^aJj ajj all 
ijjl.la.1 J!>La, (j-o ^L^jVI |_5jiuixi (jjjoiaj Alljla j£j (j-a V LlA .Ajltil! ^JalLall 

i_s£jl> ^lli) ^jic sj^2 J^-^ 

^ 1> ,-il tAjjJaJI »U<uS]|j l&jj_jaj Akijtaj Clll Lja B J 4i^>*-a]l ^^SJ A*J j .La 
(j^> ^<~-j"^ a jl (J.la_a j»jJ)jV (_3J3J (J^- 4 -^? ' . 'J'*""" jj-liuH £l.J->) lA-^V^ 
<JLala.VI ^^Ic- ialiseJ ^glll AjjIjjoixJI Clll^aiall (JLa*2ujl (jj-i (j-a idlLaJ^jVI 

AjjIjJ (jj .^.lui <1jLjJI jj^aaall .i_&g-a. L-lAjj V ( _ s Ja. tojjjaj .il^all j La (Jclilil 
.•LjjjiaJI 4jlai]l CjI jLuc-l ^&l i^ya (ly*- 0 ftLP' -^^j <a j J-aE. 

Nutrient uptake M &l i>»JI iilj oat-ai«l 2.8.2 

■}|_oa]| Q al ■ <aJ "I Sajj ^ Vjl 4jla 11 ^ 0 uajSn dlLjlaC. -J^*'"' Axujlj 

(tjjjj^l CjL£^ (j-a SJSj jj^- IjfrLa) AjjIiiJI j| lillj jjaa a j .Ajii-all 

.kbja ^jj .4iUaJI ^"umj ^ill (Active transport system) JUill Jail! ^Lkii 

jjC. (j^ajlill Jj^jjII ^jlal] liilij i4jAi-all j| _a-a]l tillj (j-a jlLxll ^gJc 
{jmt'rt 5.8.2 ^x«jflll LiJajl Ia* (jjisllliaj) jLjall LaJj j\ ( bLall 

.(catabolite repression J ^1 cjULac. j> g3Ull Jsujiiill ^ ^^a 

^1 oLuiVI (j-a ^ lil tlgXaa^aj ^jliJ! jAill 4j\or. lliafa !)Lalc. i!il!La 

.(La Ajj;ia. o^La ^tijj 
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Compartmentalization 



MJSluba cj! ja»a. jjJjjJI 3.8.2 



Ac j-a^-a l^ia J£ csj^j *-ua. iAjkJI Jita <J (Organelles) cjluiac. 

^jJajl j ■ 111 ;<j ail (j-a <L aila A£. j-aa-a t _ s lc lg-i-a <_J£ (_£jiaj j tAli aiLo Civlelij 

^ (Mitochondrion) jjjj.tfjSjjjlaJI J Jl Sjjia^a. ^ ^ 

JJJ^I j^"^ Aala. (Jjuaa 1^j3 ^jj ^glll j tAjajaaJI oljill dllj 4-lla SI 

ja ja.VI JllaJlj .(Cytoplasm) ^ j^bjiuJI cj^UjII ^JL <j& ^gii^jll 

(_paLaa.VI j»AA ^JJ LailJ t j» j^Lj jljLuill ^ ^JJ (^iil 4j-aajaJI jjiaLaa-VI 1 -*"' 

'(Peroxisome) ^ jjoujoi S jj^ l^-aJ cjljja^. (13.2 JiiJI j^l) A ^ o a...iJI 

^g.fl.i.aJ aAjAji CljLajJplj 4 nr. 1 1 g a i i'I qa jl±i La£j t dj) j;-^ -s 11 s^A 

^ CjULac <_L«j ^1 (Peroxidase/Catalase) Jt»Sl3lS / jjl-i^jjjj 

(_jl Jjj^a. ^^C j a ■ iaJ ^^Jl j £jjj^a!ill (_£jLui^i £iil_a^ jjjj (Jj aSjl (jj .4alia-a 
is.llc.lj JjLul] aLUII a£jj.ijlo!I \ laAui jil jlj-ail .la-a jjc (JLaaLlul j tiLI uS 
^1 t^Jj ... aljjJIj c VaCUOleS CA jaiH£ (Jjaj Cjljj^a. lilliA .JLaaUjaiVI 
Jjjia ^_-Ic .lai*j jl LgJ tAi LijjjSJI Lai ja.1 Clitic Lai -J^**" j iafi a3 - ■ ■'**' 
(jl jj < dll Jja a -Ij^J ^.1*1 lilljj t(_pajVI dlLjLaC. -J^**'* AjLaC ^ (^^>a.l (JjLjjj 

.ij.la.lj sja^i jjc ejljc /gA Ajla II 

ljLsj jj^l ^j* ^" 4 jUfr bj i 'a j >Jajj 4.8.2 

Control of enzyme synthesis 

l jSj ■ a aj jaLm (J^*J ^jlaJI (Ja.1.1 CjLaJ_)jVI (j-a ojj!i£ ^1 _ajl A-lli eaJ ^>jj 

(Isocitrate lyase) CjIjIJI a^I Jjkj ^jjl Jllj ^^Sc Jlla t^UJI ^jc VJ 

^jlc AjlaJI j-ali La^JC (12.2 J's.*!!) JjAill i*Mt;...jOKtl jLau, ^ J^xj ^jJI 
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Xc\ li ^ 4jUr. a^A ^jJc. Jjliajj '(^2) UJiJ^ AjjUj ^JjI CiL^^a 

j»jjjVl 2;tijJ ^ijj to&JI <^c. .(Enzyme synthesis induction) ^jjVl 

Uj \."'' " A ^.f'' '— *^.>y ^- a3 '^#J 4^laJI i_a3jj ^'"'-^ jj 

^ jjAiiuiA 4-i^>a i>> AjlaJI 4jal£ j3 jj (Histidine) 

<jSl j t(Repression) Saipl SJUJI 0 j& ^5-^ j t^jUJI <_J1 jxll ^ jll 

^jl*J ^jJ>jVI (jli ^^-^jlaJI iaju_j]l (j^ 1 V' ' "X « (j'-^ fl"'"'^ ■^ £ - 

LajjSdll 4-iLa& (j-a JS3 ^ >»j* jll ^ULa j] .(Derepressed) J^»lt 5JI jU AiJUi j 

jl j3jJ ^jJc «.Uj lajjilH jl jjiaal! 4^20.2 (JSjjoII .J^j') ^jaiil! 

• (21.2 (JSjill l*U^ a ^J ^jJa j-a jA La£) 11 ^J (j2 jj i_>^ 

Catabolic repression cjLiae IojJz 5.8.2 

LaJ i tail £_£.}l^a j-a ^.laj LaJ iaJJJJ L_i>lsjjai V I aJialij Safi ta j^i Ja-aill I j& 
Jaxujll ^jfl oJ^a-a 4JI jc. jl_j<a ij3 jj jl i j& JJ ^^^C- ° jjiaallj JaAllillj 

jijJJ LaAic. (JULall (Jjfui t^ 4 " tA-alt ^ol_aia o^C. 

^^ic Ij^li (jjl^ll (jj^J 'U_JfJ^ L>° J^' j' jjj v aA *S_jSl L>"^ CS^-S 'cs - ^ 

(jlj jl jj^ jlSlI til^^u.ilj Ijjdjj SjUti jli (Jl jill iajj jJI (J U-a 

SX^i\ ^ J cULull |j* .jjSjlSJI jUj ^ Vj jj&M ^y--" 

Liajl jlJi-VI AjLkil (j^aj .(Diauxic growth) "jjjd^^a dllgj^lj j^j" 

I ■ iajl A aaj all AiUall 4_La£ L-luiaJ iillj£ j (l^lj j j Ajla S3 ' " )1 j£j a 
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(I) 



DNA 



2 . 



31 d 



3i 



Transcription 



JaLujI 
Binding 



mRNA 



Translation 



1*' 



It- 



a "1 



1 



■ -J--J Jcllll 



M 



DNA 



J (II 



1 ' -= S 



Transcription 



mRNA 



Translation <*a jj 



i* 



Inducer 



S3 



JJLUll > JUS) | 



DNA e- 



v/W^ mRNA, 



Proteins ilfcKJJ^' 
produced 



DNA ) DNA— II j Wa J5U (> cjbuj&l Jji-aj 4jLic. luJa :21.2 jLwll 
RNA—II pjij JiaJ» ^<|J* (|i t»i : Jsjjjj (I) -(expression 

4jLjJ /J u jjaJI t>» e jaj iajj jj ^jjjjj c^ 1 *^ u#?^ u- 4 (mRNA) J>ui jil 

JjLyUll i_iajj tillj jLilia ^operator— j ti jju t£ ja-^II J JjuiiJI jjj lj*L DNA— !l 

(*^* Cy^l (J- 4 (Jj'-iJI) U^JJ^ J- 1 *-^ J*^- 9 f-iSj^ lS' Ai^-J ^l^" ^ ' J;*"-" Ajlafr 

^tujj Aj1%^J! cjLuaJI hi ■ nil I » jLij JLui jl (|Jjj U Ija '(operator) JLib»JL LLii jVI 
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DMA 

B 

& ' 

* \- 

o 



1 
3 



a. 

O 



! 



CAP mRNA 

J 



cAMP 



cAMP 



CAP 
L- cAMP 



Jl JAJ 't~, " .1 

© 



ATP 



1^ 



J " / \r\J\ f rrRHA 7 



4_aJLL» >"t> *n'i j jj 
Proteins 
produced 



AjWJI oja Ji hh\ n\\ (^jij .(catabolite repression) Jauii :22.2 Jiwll 

Jj5 (j^ operon II ^ .(cAMP) tjliui^ASI ^Jl^i ^aIa Qjjjjjjl SjcLuuu ^ 

CAP (_,-»**! cjjjjjj aJxujI^j <Uaj*i±i ^jj (operator gene) JLuUJI &±±1\ 

JU hj . ^nl tj jUj^I lift t cAMP 2-« l.ia^» (Catabolite activator protein) 

j^SjiSJI Jaj UiUa Liu) (yLj j»JjjVI JSjA jfr Jjj*jia1I (j#aJI ls-^W -JAi^ 

^kijj jjIjj operon II t> jjj«JI (jU U* j^j^l jJaj .^uja <>» <UjUII cjU£ja!I ±».i jl 

CAP-cAMP j^l i jUiL 

AjLoC kjj a ^JJ ■ * ua E. COli II ^ijj^j cs* J' ^ J Jl a A li& ^ JUla kuijl 

(Cyclic AMP) cjlLu jill ^SL. jj jjiji Jl*i ^ j>2l j»^JI 
jJii!) (AMP) cjlL- jill ^uVl »^>fl I j* ^ .cAMP-; j.^vQj 
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j_jjj^>ll ^)£j-u ^-i (3 £-*^ a j -0 es^) cJj>"^jj^jW^^ " -^j^ 1 " '„'•*■ (4.2 

cAMP— II ^jj .(Cyclic diphosphoester) ^Uii jjaJji-ija Jajl j I i ^^ik 
(Catabolite activator cjUiLa jA^-a jijjjJI ,^-<^) o- 3 ^ u£jjj f 

ciiUaial JjSLhl»1I (jijjjJLj 1 ■ bji La£ t(CAP) I jL-ati.1 j protein) 
t^^all iaijjj £ c(CRP) IjL^iik! (Catabolite receptor protein) 
JiJ ^ 1*31 jll CjU^JI SjLSyi ^ILcLi .,n..rn la* DNA—L? cAMP-CAP 

.(22.2) J^>ll ^ (Downstream) -Lliiji! *i>a 

i—iajj CjlaJ_)jl ^ijjS jjjj j^)J 4-aa.Jj]l A \\s\C. (Jjjoi^)]I RNA II AjLaC 

jj£ J ja.j JLa. ^ Jjj£>UI Jla) 4jM AjIjVI SjLall g^afrl UJ-J I jjj 
'J?^ JJ^I K'- u / J ^jLa-lVI atkilt lift .(^IAxJI Jauijll <J \jua 

.21.2 (J^-^l (_s^ ^*ia_jA]l t -jLuJI LaJj iall ^Uiil (_pajai]l iJ&ja! 

cAMP_ll rtal *jj V j*j a^jI jj J jj£ jKll js jij ULL j .cAMP jA 
^IjjU £-<ujj V lilBjj t(Adenylate cyclase) j^^> ^Aj^i y ^j^ApVl 

Modification of enzyme activity <»j j&l ^Uflj LLii jjj^j 6.8.2 

.4jaLij Saj i !aj jjjt'i! 4 alia aj oijJc. JjLjj tilLlA ^tijj J*J 

Post-transcriptional modifications cj( jjjsj 



^LaC ■ V.*^. j .(20.2 jlaSl) 
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I_$j± y $\j tAjlxi AjaJoU lfcl.la.j t^jiS ^gjj A m n AL£Jjj ^ Jliljl jjj^all 

Sal ■**' (jjAj A \n\ •*> 

V "<_l" jkl cJ*-^ tAjJlxi <_JLiatjJ j! t"l" ^jjjVI A\\aC. q\ 

."I" ^jjjVI JjJ*»"JI l5 & ^JI AjLaC. -J a i aj IjtjJ Aj Afl^t 

(tjii^»ll j!) (J^slaJI Jauilil! ^ajjjYI C>° (Jjj^"'^ AlaaJjaixll JjjJall JJ^I (j- 0 

jl (jjjjjjll SjiuiS jajjjl AauiI jaJ ^jjjl (J^-^j (c 6 & ' (e^JI s^iiual! AjLaC _aia 

4 jjjjjJI Sjiui CjLajjjl <> pj jj] t*iLjA .(Protein kinase) jjiAS u^jjj 

iajjj CjLajjjYI sO& j» jSj . (jJJ JjJI .1^.1 J p _jj (JclijJ j aj aaall Ajllc (_g&J 

AjuIj (JjjujSj^).1iA Ac j*^- a ^-a (ATP II j?" L>° ajlc-) CjLLjjj3 At J-aa-a 

•(Serine) (jjj^" (j^aaJI tjj^j SjIc. tAj^aj ^ijiVI J i ^ a ^^jj-al j'-"^i 

t jLjjLttll JJC. _jA (JxLiJI (jj^J 1 iAjjiud ( " I aJ (^ill _jA JaxiLill j»jjjVI (jj-^! ^ 

jxJijjj Jaj^a <> aj V tt^LS JjI .(Phosphatase) cjliuijil! Jjjj cjLujj! 

All jl CllLajjjlj ajiuill CllLajjjl iA\\i. \\ JaJj CllLajjiVI (j-a (jJC jill (j^-^ JaLij 

.AjiiJ! J L_L>LaiuiYI AjLaC £jJajJ 

e^ja. (aJIjI jl) AsLiJalS CllLajjjVI iaLij Laj i a! (-iLJl iiIU& 

t _ 5 lij o^jLoiall j i^ajjjV ^Aa-a ^^ilal (dllLai jill JJC.) JJ» i i~i 

Action of effectors d\ Jiy>i\ J*e 

^^ic AaSaj *jjjVt iaLij ^^c. ejiajjuii! AjujIII AojljJI aJVI Lai 

ji (Promoters) ja^-a£ UjUJ Ja«j as (Effectors) ^jjVi ajUi^I 
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^UjjVI Jajfull 4jLa*]l Jc JliaS .(Inhibitors) lafL»£ LnLj 

: ^ i»-aj J c^lclij JxuLu] <>ajc Jj Lua .(Feedback inhibition) 

A->B->C-*D->E 

0 

i 



jLolo J <JjVI (^3^' Wffij fJ^! <lmluill J (E) Jlgj]l gjlall (jj t*u 

.«U£ jLoJI c_a3 jj Jj l-o (B) Jj (A) J jiJ £ Jj-4 lS-^ J tl^lclsdl! 

(illj ,}jc iAjlkJI ^^-V AjilS (E) t>a <xa£ jj Ojft iaS3 UmViII t*Uj J. a^J 
x-a . jLuiaI! I i& J^JI J li " (j-o j- 0 ^ JLa*Jjojl Jj Jiilj 

(E) 

(E) jrtijj "iili £JJJj (B) Jj (A) Jj^J I^JJJ t-jfr.fl J|jj U^c \AiS\ 
Jj (E) AiUiaj ,jjc ^UjjVI -laJjSjSI <}LaC J' Lo£ .Ij^A j _^ajl] ^jjj^al] 

tAjJjjV ASUall AjlaJ jiij jl l_Laj V (E) ji -lixi t Jl iill -kui jjt 

Ljjlill Jj AiLjaVlja ^jii adll jLaus (jc CllLajJjjVI ■ ■ '-^J Jtilljj 

j! JU^' <> j£J^ Cfc*i '(Feedback inhibition) ^.cUjjVI 

jLuLaJ) J (j_aJj£]l " ' ^* J JW^' ^"''"^ j^J^ J ^lijjl u j* (_JJJ 

((jl$j]| gMlati j-a) jAi^' cs^ dtA 3 i-5*a J J ' ■ "-j tSSljA .J^LLslI 

J liLlui jjii La£) DNA SI iS j±<.<in Jc jLuiaII ClLaJ^j' *— ^ _W ' Ija J 

Aj^LmVI 4j1 jVl Jl jaII I JJ^JJ ^s-istJ ^.jii aall AjjI j-olail <jV ^ J (J' asll lift 

.AjiLaVl (j^^^^ 

s V^T ^ (jj^J <jl (j^! iiuall lajj alt AjLat (j' 

Jc tAjlLaVI (j'ri\ n^hl [C jAaJI ' ■ jfilt jLui^ J A i ^il lillj Aj^aI laJ 4 ilia a j 

(Tyrosine) jj^jjijj (Phenylalanine) o^^^ tSljfLSij iJHJ 
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lilliA .dlli j*j ^-jaii ^ill ^n.^MI jLui^ ajIai J (Tryptophan) (jlijjjjij 
Degradation of enzymes j&l J1*jj Ju£S 7.8.2 

4_ii^j]| I a.^-'i Sjj3 ' allkj Ajla St (j^i £jjjaJI 1 g jl a* A. 1 Jj ^.IjjJ La 

t jj^-iT \\\ I g i a; » (_3jl2J o^C (jjj ^jIjjj ij t^^aJ Jj is.la.lj ^_ya CAjoj^hl 

V S>1 & J VI '(4.8.2 s >ll jJail) DNA-JI ^ji^a Jt 

UJ^J V ^2 ^/'J.'^ i— a jjall J ^^iLa cS-^j aSlt <— aLajj j*j Ljj (JjAj 

JaJJJJ Jj 4jlaJI ^tiaJ JS j iDNA II t£ jj-uui Jfr ftD^I jrtSiJ <_a3 jJJ Jl Lal£ 

^jl) aJ (_£/La. (j-a AiUaJI ^^lilil lil] jj tllluLa t'n'ii^i Jill ^>J_pVI CjUjjaL 

<_jj^a jJJ (jl (j£-aJj .4_ilaJ] "i^y a Jia. ~ J i aJ jl taAjLa JJC. (_>«ajl ' " ll j a 

Jijl) (Feedback inhibition) ^c-L>j jVI .LiauJI J!>U. <> IajI J« Jl ajIsJI 

t j±a. j jpjjit AjaS J (j-aiij L_a j jia Jj tiillj Jj AiLiaj .(6.8.2 ojaall 

# ji 

JjS .(Proteases J Proteolytic enzymes) oAjj^I cjlajjjl jr^J 

(l^ixillaJ CllLaJ jjl j]l (jJJ J^Jjll (j-a o^jl j]l £Ejjiill JJ i <Sj CjLaJ j\iVI lillj 

4-llc.j .Ajjjjj^a (_J^i.l dlLajjjl £ik^] LjJLaaJjoil jl«J '^JJ-al (_>aLa^VI (jjliajl 

<jLac (j-a jj£I <cjjjij (Turnover) ji*j£a-£&> oj Sjj^ ^l-ajjjVI (jli 

.(Denaturation) ^jiVl ^J^iil ^ill 

Efficiency of microbial growth o- 9 ^ J^l AJUi 9.2 

0 jl^aJI Aj£;Laljj^ AjakU (j-a ^^-ajJjiJI _a<aj]l Ajlbti ^ySa ya ^jjjaLuui 

j=JI jajII kAxk ,j& jjjsjII jjjj .dJUill J^all J (Thermodynamic) 
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A_ljjJj£]l Aj] jV' ^1 J-all U jj L>° J <-5^ £^"V^ Ojj) U_W^>^ J V a 

^ _>jd (Molar growth yield) j-*^ ^^jj" .(a<,\{\,,^\\ 

A-iljVl ->l >a]l j-a J>« JS3 (cjLaJI (jjjll) (J jliJI ^l^M j* Ys— J 

ajxS ^ j (Carbon conversion coefficient) "ujjj^ Jjj^j J^- 

U£ (cs^ 3 " t — J AAjSjll AjjLLall Ls lc I^A .ieLulJj .^jJjjaJI 

2 alia alt AjiljaJI AjIjVI jl >a]l 

Sjtia a Aja. Jiij LoAic _a»aj]! 3.2 Jj^ail ^ k-j 

oi& iaijjj tAjjl jaV #.1 ajjI f\ y±i\ (Facultative organisms) 

j;^;'"<Vl Aalkll £-tSiJ ^Joj lajLu liu La£ ojaUoI! 

JJ ^jic. Ajj^sJI CjUjI^U j*i5! jrlljj 

j'^" 4 «jj la — 1 

.ajIjVI i >a]l /»^5 Ajuiall diljl ma\t -2 

Aj.li-a jl_a^ ^.l* j (JjJ-aJ J ql ■ aj "V Ajjjjj-iall AiUal! dlL^Luaj — 4 

.ATP—SI E tSSl c^l&l s»l£ CjliMikl -5 

jjl jj J (Inhibitory substrates) *1£L aJj! jl^a -6 

I '(Adverse ionic balance) 
.(pLiiil jjc.) (Transport systems) <^c- 1^ o^j^ 
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AjIjVI l)^^' dlljUr. j Aj^jliJI t-jj^lall i . Un-s l& jjlajj I&^&aJ 

j lali <a ^JJ clua a jo'ii i'a]l Aij^alt dllj <c-jl j]l 4 ttlajl ^ Lai 
tilU^i ^(jjklluJI j dJUill (jX^ill jiajl) L£Uil jJliiil £jja jll j j^ill Atjjoi 

(Limiting JcLiill a&j ^2 jJll aJjVI si-all ^-..y^ -8 

a^j^ jut jc. : substrate) 

jja.jjpjj ajLa (j* ^jlftl 4j]1*3 Cjlj ^ 4 j-ajll 'oJjla AjIjI (jjJj£ 

(JjLiIjlII S^jli dilj (jj^ u^J '^Lial] diljLui* ^jc. 

La^jc i (Permitted growth rate) 1$j ^ j^-iJI >a^l a& -9 

i^ijjj Ajla 11 4 jLb ^ aa ail ^l_a-a]l (jli t j-ajll 

»bVl Ail*UI L^? fSaij ij'^ J^Vl <J*l*JI U 
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±\ja l Ji£> 4jlaU * alia - ^jjfl^ * <jUjIS £jj j^Iil • 3.2 Jj-i^i 



carbon ) 
conversion 
Sj^j (coefficient 

LJJJ :(g/g) u-yw 



molar growth ) 
(yield 

6jj =(g/mol) 
jVl S jUI! 



jVl 5jU! 



1.46 
1.38 
1.30 

1.4 



1.32 
0.36 



1.26 
0.29 

1.13 
1.20 



17.5 



16.6 



31.2 



50.4 



95.0 
25.8 



90 
21 

81 
173 



Methylomonas sp 

Methylomonas sp 
Candida o^ji 1-4^ 
utilis 

Klebsiella Ujj^ jjj 
pneumoniae 
UAjj^I E.coli 

Ajjl jA 

Saccharomyces 
cerevisiae 

4jjI jA 
jAV 

Penicillium 
chrysogenum 

Kebsiella Uij^ jjj 
pneumoniae 



(J jjlja-a 
(Jjjljjj 



JJ 



111 



0.87 
0.98 
0.90 

1.06 



52.2 
23.5 
21.6 

203 



Pseiidomonas sp 

Yarrowia IjjjLj 
(Candida) lipolytica 



xylose o-jJjI j 



Hexadecane 
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Stoichiometry and Kinetics of Microbial 
Growth from a Thermodynamic Perspective 

J. J. Heijnen u^U 
TV Delft, The Netherlands I tfj* <£iiljj ^ 



Nomenclature 










concentration 


(mol; im" 3 ) 






Gibbs energy 
produced in 
catabolism per 
mol of organic 
electron donor or 
per mol of 
inorganic 
electron donor 


(kj mol- 1 ) 




—AG cat 








standard Gibbs 
energy of 


(kjmol- 1 ) 


";J".'?-" 4iUa 


AG* 


formation 
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standard 
enthalpy of 

fntmati nn 

lUlllxClllUll 


(kj mol" 1 ) 


J| 1 1 \ ■» A II 
^—J 1 n )i i i 1 1 } 


AH* 


affinity constant 


(mol l" 1 ) 




K s 


maintenance 
coefficient of 

cumpuuiiu 1 


(C-moli per c-mol x h" ) 


"i" 


mi 


biomass specific 
conversion rate 
of compound i 


(C-mol; per c-mol x h" 1 ) 


"i" l_£^>a11 


q; 


cuii v t/i oiuii lent 

of compound i 


(rnnl m" 3 h" 1 ^ 

! lllVJli 111 11 J 


■ M /■ ^ \\\ A. ^* i. LI 

1 <V (All C o_1_\l 

"i" 


r- 

M 


reactor liquid 

vol 1 1 m p 

V UlU-lllt 


m 3 


t IclLJI 

til* WLAU f 


V 


biomass 


C-mol 




X 


yield of biomass 
(x) on compound 
i 


(C-mol x per moli) 


^ic. "x" AjjJ^J, 

"i" 




maximal growth 
yieiu oi uiomass 
(x) on substrate 

\Z>) UI ClCL-liUxx 

donor (d) 


(C-mol x per C-mol s ) 


"y" ^.SVI 

X ^ > ^3 il 1 

j "«" u »Vi 
"d" ojJ^V 


y max 
1 sx 


aJJCC-lllvv g,lUWlll 

rate 


h" 1 


Orf^lll 4 PL 


M 


maximum 

specific growth 
rate 


h" 1 




max 


degree of 
reduction 






Y 
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Introduction 



4-a j!« 1.3 



iiiUSlSJI (jc. (Quantitative) <^ CjU jk* JJ <^.UJI Cjj^ii 

.AjjJaJI CjLAiill -^aJlatx CllLLaCj jJAiJill CjLlLaC (jxi ^JA»JI J 4_la jJjaJI 
Ig-la a ■ al jj <3j^)joa (_Li! jC Jc .1<U«J jaA\ 4_La£ (J-^W^ A-ia.jj-aj]l J^J 

"S" aJJ si- Jc. (Y dx max J Y sx raax ) ajj^I JH3SM _^ Jj.^o 

4jLu^ Jc JiUaiVI cjliikLa j t"D" jjj&j J**- 0 J (Substrate) 

J m s ) jjj&WI cr^ 3 *- 0 J ( s ) ^ j^' (Maintenance requirements) 

tilljA tAjjuIa^l Aja-Lill (j* .(o!>lcl CjLl<luu]I Jj^?. J="l) K s j |J, max (mj 
ej,ijiT.j) IjJJ^ CjjlijJ l^i-a (J£l 4_i«3^)ll 4-ajall jj jj t(_Lil_4«JI si* £— A IS a 
lillj ^ ajjjl jj-aJJj .A a\\ j^ill 4 aW\\ j^ (t Qt i >i A\la ^^la. jt ^—iUtjJal 

[JjSluiaj Jaa-a JLaaUjjol £-a i—Lml ^^-a-i* lP 3 ^ CjljL.iL.nJ (1.3 J^xill) 
jjJjSlI J jL-ox (JLajtljuil £-a i— Lull f.Uj CjljLutaJ j^l«-U La£ 4 jSjlLaJI jjjl&WI 

H + _Slj H 2 Oj cHCCV-N 

jli ijjjjai La Jj AiLiaVLl .jijlall jj^jjllillj 
jx IjJC jli i4_iLax]l j-a . jxjJI A ajjjl j-a ^Uaj (_J£ J 'jj^ ' . ^ 

C S j-aj^ 1 " Ija A J a 4j] jl Jc (_£jlaj **JJ* a all AjaJI CjLuL^]! 

4jUj^1! oiA ^-ajaij .CjHi 8O0.5N0.2 AJuj^a — J LSj^l Lij^ (j- 0 (C-HlOl) 
ji jj ^JC (JLa. J j tAjjJiJI aJj^II dllj_a^a] 4jjLa-a 4jj£jj (JLajiHuiL 

AjjJaJI aJuSA] dlljj£-a JJ.laJ JjiiaaVI j . jLoJI lj£J 4jj3jj oJ.la-a CjLajl*-a 

^jjj^l ^ .(Elemental analysis) JjVl JJ^I aIi^jj 

(Stoichiometry of jiSLlI <S&± ^jiajjSjiJI Aij«-a 

(jC CllLajla-aJI jiisu 4 J^ai^ll L3J^ J^ .AjLaC L_sI^aV t*Bi j tgrOWtll) 
t jja-uiSVI ^Llla.lj '(Y sx jl Y(J X ) aJjI ^1 j-a (j* A^llLaJI AjjJ^JI J j- ^- " 

(jjiUa (jja jji liilil .(_J j^a3 Ajllxi ClI j A\AaC a ■ al] AjaAVI 
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aJU ^jia. (Growth stoichiometry) ji« jiu, ^-all ^> 

4-slUfl\l CiLiLa& ajjI jjixJU J (Arbitrary) ajLUjcVI >ajll * Jjj) 



CATABOUSM 






ANABOUSM 


Electron donor (d) 






+ 

electron acceptor (a) 




Gfobs X 


CH^OosNo^ 


(a) uj>ifi" fZ~* 




energy / 




) 






_i >~ £ — 




-\ 




OxidisfKJ donor 






N j C >*~<" 


+ 

reduced acceptor 






^ H 2 0, HCOi. H* 



.^UjJIj (j- 4 - 1 ^ <j^$' /-.ijt -f- gljlj^j -^W-U ->*^ AjUc. : 1.3 JLuJI 



-1— electron donor - -J— electron acceptor + 1 C-mol biomass + —i— kJ heat 
+ kJ Gibbs energy + (•••) N source + (••-) HjO + (■••) HCO3 ♦(•••) H* 

Cja (C-mol) J^l j J>« ~C 4Jftlil»ll cAjS^I ^luJ ^jjjj ikuix» SJjU* :2.3 <J£*M 

■ (stoichiometric-coefficient) 

^ JIajA jlui i_jLui^ — AjgU'aH j^dUsJl jLaj) <_iLui^ 2.3 
Stoichiometry calculation 

Definition of the growth system j^jJI ^Uaj <_Lj*j 1.2.3 

(jjxj aJjLiaII o^a iiljj tSjjjiaJI <Uj£]| a^Ij cJ j- 4 — C (jj^ij 1 '(2.3) 
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"O^" AilLj SjljaJ Jl AiLjaVL ^^■■■-j OjJ&\ J«^J H + -JIjH 2 0 

j u! '(C-mol) J>* -C — SI? ajjj=>JI AliSlI <_>i£i .(Gibbs energy) 

aji (_jl) (jjj^ll (j^i Laljc- 12 (_£jja_i AjjJaJI <Uj£]I (jjj JaJj Jj-o — C 

AjjjaJI S-lLall £ya ^ij^ 1 \^IJP" 25 (Jpl-*^ -iaJjll (Jj-° — C H -(U->?J^ O"* S^ajj 

liA AiUall •(jjjJI t>> ^lalti 45 Jl ja. s^lc J£.ul; jjJjSlI L?_^a - <jV cAilaJ 

O^J^ ' " J A Jjj^J (j-o (JJ^ll {j£.<u3 tillij c^-Ajj^aJl j-<ull AjjjjjJa 

V'Y'i .AjjJaJI AaiiS jjj >i a V^t a (Jill <<j- Jj 4 i-i u i 

'ijljaJI (_>Aj2 a*J V AijSlui aj (jjjjfll] La a jjjj Ajjl jla (Redox) £.lui£lj 

Lajj t j-aill J A^-laio!*]! AiUall (JjAjsI JjJaiVI Aljjall jA CliLtlijll (j^i ajjaldJl 

* t 
AiUall (j^i (Ja <LaALui^i (jc. JJ*J ty*J 'AG J j. qlaJj jllj "(_}iUa." AiUa (_>aLl3 I -la J 

^g-ajjj) sjijlall jjc. AiLLlI j t AH j j.^Vi Jll (Enthalpy) '4jla.ljl! 

aLUJ (jli aJc. j .AS — j j.r-nVi Jll (Entropy) c^jj"' J (jt^je-V! Aa.j.2 
^jio jj£ jiu, c£LA*^ j] .(AG=AH-TAS) ^ JJ j*JI lilii (jjj 
iajjjj '2.3 J tJeliSS J (Stoichiometric coefficients) 

<jij3Ui j <uiJ (jLaj (^ill (Yield coefficient) J j.^^ JJ*^j 

^IJ c^U^ Jl Y gx _Slj .Y ta _»_, 'Y ax _Slj 'Y dx _SI >J5 

C-mol ^JJ^I (>« J J-« _ C Slj oAjSII j) ^J^l Zh<\\ J 

J Ajj^jaJI i±A (_> ja.1 j J jx-C J£l) ^ jj^V 1 lt^" lA (biomass 

(JSj) (JJJ^V' (J.'°"'' 1 "' AauuILj jl t((_^ jjJaaJI jjc. L-iSjaII (j^s aa.lj (J^ 

Ajjoiillj jl (-la.lj _jSjS J^S) ijl^pJI Ajj-uillj jl < ((JjSluLttjl (j^ ^a.lj (J 

3 uaiftj .(j-aill liA J l^nilnfi L-ljoia. tfllj t(ja.l j J ja. jl£ Jal) "(JJfa." AilL 

J (-) ^ jiall 4_a!>lc jlxj .iaai J C -la.! j AjjSjj JLaaluil ^jj Ajli AjjjaJ! AliS]! 

Measuring yields Jj'^olt o-ljfl 2.2.3 

Ajxuj (jc. ajLlC Y; x AjjJaJI Ali^l Jjj^aa-o (JjjLjS dl!>L«lji<a (jl 

^ r x ^Ua e^a. j diia. '(Conversion rates) J jaiJI (Ratio) 
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'(C-mol biomass m 3 h l ) acUI c_i*£-*3l jLalb Ajj^ a1& J>a -C 
.(mol i m 3 h l ) AtLJL t_i*£^JI "i" J>° ^ r; o^Ua S^a. j Laiu 

r x 

yk= — 1.3 
r 1 

(Continuous culture) ajxio^ Ajiij JSJij J i(Batch) cjUij Jli ajjI^c. 
(fed-batch) ^ULI-Cilaij J\ t jlj^iuL l^Uii AjjiAiJI si-all cs Ia«j tlu^. 

JjijJ CS"^') t ~ L^-^-*- 4 ^ JP^ L>° >j..''°^ ' (IfcJ^^ L)H A-jlajoij Ails. (J£joU 
4jj£]l jjj^aa-a _a& Lajlj (JjjIsj (_s^J Vl-a*Jjailj ljLaJC.1 (Jclijll ,j j_5JJ-« JJ^ 

cr k«^ ^1 a^L J (Y sx ) jVl si-all ^JJ a^uIL (Biomass yield) ^j^J' 
jL^aJI 5JiaJ Jlaj 0) f^aJI jjSj cjja. batch <»Uij (^ia .(Y ax ) (jjjj^VI 

: Y sx aLU- jj£ (ajI^II J 

Y sx =(c x - c xo )/(c so - c s ) (!) 2.3 

iid$iJ 4x. jlu (_5 jLujj djja. (Chemostat) (JLajSlI J jSL^VI -ULa. ^a 

i - Ua tA^i-La Aiiji-a (JJ^laJ 'i J-all ^IjjVI Acjjjj (Jtliiill ,j Ala.!^]l Jllj-all 

lil Lai .C s j AjIjVI Si-all JJ^jil C so H £p L> 3 ^ Jui jJ 'J**^ (-Sj^ C xo 

Ajjoiillj . ClAjj! jj (j^i JjiuiJ l^jisu Jj£l Ajjtu-a liflj^i ^La^a.Vl ^ JJ*J l^jla 

^jI^lLVI ^a^JI (jj^J (Batch reactors) cjUiiLs ^iiS ^1 c£b.lLJ 

Ij^jL LaS <Uiji-all La-licj tV J^*-^- 4 ^ ~? a " jV Q 

Y sx = (V cx - V 0 c X0 )/(V 0 c S0 - Vc s ) (m) 2.3 

Maintenance effects 4JL>aJI &\ jjjU 3.2.3 

JU.i o*j (jSJj .tiulii J*Ui Ajl ^jit Y sx j a2 ajI^jJI ^ 

Ajj^a-all CjUjI£]I A^ljj cj§ ((Chemostat) JjSLoiVI 
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Y sx lW*^> jb t(|Ll max ) ^s^aVI isjl^) t> jjj^j Jal lA ^JJ^> 
(jLojj .|j (Specific growth rate) ^ jill a^^ ^ iai*j 

J (Endogenous respiration) oiiill J^> <> ^ jjjjj 

AjjliJI <_ajUi jll 4jU.^a jl a j^lall lia> LpaJ^J -(Maintenance) AjL^I 

Acjjuo JJ ' J "^jji^," AiUa -(^j ^ <a^ all 

acjjoli acjjJI 0 j& .(Substrate) jjj^j J^ 1 cA£jJ\ (<ii*-a 

- C iJ£l'i-Aj^\ Si-all j-a J j-a-C — J Sis. j j (m d J m s ) 4jLb^»]l 

1 1 m s 
— = + — 3 3 

V vmax 

,gjLbaj£ll j\jk±u^\ AlLi. ^ Y sx (J^M* 4< SJiL>?"^ Aj^UJI (j-a 

^>ja]| (j-a liDUajj .((JjjJUjJI J' aill ^>lajl) |J jjJI Ailia-a Clle-jjj L-Sjjia 

c_ajj]ill (3.3) AbU-all JLa*iJ_j jl <j£aJ |Jj Y sx 1 ^ ^1 

.ni s AjLu-a j Y sx max J j' « ^jjjoui ^jJcl ^ylc Jj. ^ n AalliLall 
: M J*- Y sx jU^I Aji£ 3.3 

Y sx maX ^^SVl ^Ha]l Jail <> Y sx M <^ ^ I^J - 
AjjL^a £z 1 ■ aSj iaj^la (J^*-^ Y sx (_paaiJj AjjJlla |J A-aj3 Ijj 

(jli iAjjtiic.1 Sjl^a. Aa.J-1 ( _ylc j^iil! ' " Ua AjjJai]l dlljlaxSI alax a ^ 

• |X<0.05 h"' (jj^J Laijc AiLaAl jjiaJ ^LlIS JjfL Jjj^aa-all Ajl u j^h 

^ajll e-tul (Batch culture) CjUij Ajiiill CjLLc ^ aj! 
j (|i ~ |i max ) t^aVl ^>JI Lijjai ^ jL>u |i _SI (Exponential growth) 
£-ja jll JSJij ^1 (Fed-batch) ^Uij-CjUiJ cjULac. ^ Laiii . Y SX ~Y 



max 

sx 
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jl J ■ oil <_ uLa. (jli 4|J,<0.05 h" 1 (jj^ 1 - tA-jfel ii all CjlLflalll aja» a ^ 

jjJaj^ll -J a i a ,j 4 iLb all l_ljl ja. (jj^J Ajlt j < 1 i aJI Alils [X 




^cjill >»iD Ac j« t/ ic (biomass yield) Y sx J^uaa-» jUjcI :3.3 Jiil) 

(substrate maintenance AJjStl SjUJI AJUua Jjibui ^ m s i(4JLiuaSI jjjU) 

ijjjaJl Alsfl <> J>^. ^yaSi Y sx max .coefficient) 

(« jIajjS jlui JjjLS i—iLuta, 4 jl n& ^ lalLaJI [5 jlxa 4.2.3 

Conservation principles to calculate the full stoichiometry of 
growth 

Ajjaall J^La. £xkAjuA\ i^lij ApaJ S-iliaJJ V < iaaj j 1 \j . Y(j x j! Y sx 
4_aj3 t_)Luaa. (jba-VI L_llc.l ^ C^^i tJaliajVI (^^Li-o jj.'k* J^i. (j>a .4jLa*J! 
4-lLaC. ^_>»jjj L« (c^ "(Ygx) o.la.lj 4-aj3 (_>«L}3 pJ 1^] Cj^Lolat-al! 

iJiliajVI ^.iLlo Ls lc f.Uj ■ -ll mail 

Conservation principles to calculate the full stoichiometry of 
growth 

JatIliuj (Oxalate) Cull j£ jl LS lc j-aii 4jjI _ja a^j^m CjUjIS ii-lil 
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C-mol X mol" 1 ) JS1 X J^-C 1/5.815 

^Lai-VI J&Uill .4jjjaJI <ijS13 AjjLutJI <ja£j2il JL«lJ ^jj .(oxalate 

M J^-C J* J J\ I^il^j (2.3 J£*ai t> *tb) J\^\ 

- 5.815C 2 0 4 2 " +uNH+ + hH + + cH 2 OH-d0 2 +eHCOj 
+ ICHLsOasNoa 

: (Conservation constraints) JiUajVI 1^, CjI^ j 
0=1+ e + 1 1.63 - ojjjSM c> 

0 = 1.8+ le + 2c + b + 4a ^ jja^I Jc. JiU^VI 
0 = 0.5+3e + 2d + c+ -23.26 

0 = 0.2 + a u^jji^> J*- JiliaJVI 

0 = e-b +a+ 11.63+ fc^iill Jc. Jiliajyi 

-5.815C 2 0 2_ - 0.2NH+ - 0.8H+ - 1.85750 2 - 5.415H 2 0 
+ lCH 18 Oo. 5 No 2 + 10.63HCO7 

Y sx = 1/1.8575 C-mol x mol" 1 O? 



Y sx= 1/10.63 C-mol x mol" 1 HC0 3 " 
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JjiaJI ^ AGf 1 J AHf^ ^J3 JLaatlmljj tjclijll J-^?- 0 3 1 » 

JiC J^iaj ^IjILjj '(AG r ) J ("AH r ) j> l£ ^«j2 t -Loi ^j J bJ (j^aJ d.3 

•1/Y gx 1/Y hx 4^3 

Balance of degree of reduction <JI j2iVI uJ' J 2 5.2.3 

(Conservation iilaajVI l-ii* cjli^j CjIjjj^ (jjikj j! 

4jjl . \\ aAa*1\ lillil ojj ada - 4iLjla lilLiA .ojJiUa Ajjlla ,_A Constraints) 

.(Degree of reduction balance) J ji^VI jjl jj <-T^ t> 

(jc. ojljc- 4-^^ <J^ 4ij^>*-aj a-lla-a ^^Aj V } (JljliVI _>°JiJ 

■ 111 ;<j all ^1 0 = y (jl ^j^c- frLij ' jW-^ rtj ''SLH" 0 J^" 1 "S?" 4 ^ 

j HC0 3 " tH + j H 2 0 ^ j (Reference compounds) S:ui«li1 

(j* .laJj JSj "y" t-lLuia. ^JJ . (jja. j jllill j -luaa j Fe J NO3 J SO4 

(Redox half ^..Vill JIJ3a.YI j S^iSVl J&L£ ^jLu^. J^Lk t> CjL£jJI 
A^Uaj^l ajLaJI j AijLuJI si-all i—iS^I J ja^j ^U,„i jj ^ jj) reaction) 
"y" jxja jjSiuj .cAjjj&IVI t> ^ JIj (Reference chemical) 

jjc.j 2 ij! jI_&a!I (j-a .1^.1 j Jj^i (j-o A^jlill clAjjjjSJVI .lift Aj-a3j]l 

-4 =y 

C 6 H 12 0 6 + 12tf 2 0-*6tfO> 3 - + 30H + + 24e" 

(Electrons mol -1 glucose) jjSjISJI <> J_>«11j jjj&Jj y = 24 
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y 

AjjouIIj ajji^itII dLS^^I ^ "y" ^lii La LJlc. AjL Ua jjSiSlI ij V 

aJc j (per C-mol of carbon source) aJ jVl sjLJI ujjjSJI c^j 

(V = y = 4^ jj^jKl] "y" A^ua jli 

ejill "y" A-aj3 (_ib.ua. (j— t(JI ji_Vlj tt.li.uSV I _)-a j' 1 "**' (J— •— ^ (JLftT-'.aLl 
(JH_I _Ln_. _Jft .(2.3 JjlaJI J^j') jil 4jJJ*-^' Ai_j__ __ i_ j t6__l jJI 

: t _ 5 L La ^^Ic. ajj 4_L,,id]Li (J. j 

C+ 3ff 2 0-» //C0 3 --f 5tf + -t- 4e" 

y = 4 

a W , : r,Uj t § t O iH <j-a (JSJ "y" A_u2 t_lL_a. _)— <aJ A_j^>__l _>_— J 

A-aj3 (jLl 3.3 (J jl?-M (e3 Jaa^U j . 1 .3 (J jl?-M (jJJJ La£ Aja._&A]l A la uiil j tAJLJI 
j'. a^a ^ J _aa. L-iajlj AjjJaJI AliSlI ^ Jl_&a.jA]l) (jja.jjili]! oji] "y" 
. ^ya-jj^jj j'.^"< _4-ajB ALuUjoia]! AjljV! 'tt^Lall p _aj ^^Jc .laitJ ( (jja. j jliill 
"y") 3.3 <Jj-^?-^ tlti^JJ-^ J V/ "^ NH4 ^jAij^sVl (JLaatiuil lit i^La 

(-3) + 4-1 jj^- J Jtttfl J (-3 

oj3jla]| CAjjjjSJVI Aj^aS (jc ojLlC. f-^^a^ Jlj!ia.VI 4a.J-i La! .= 0 

(Reference Aj*a.j* aLLm cjL£^ aj.i...£I i*j (Ala SjjajaJI) 
diljjjjSlVI lie Jj-^j Aj '^jjj^»JI CjLiS^I ajjouIL .compounds). 
jjc. il jaII AjjLjuSLi La! '(per C-mol) J y*~C iidl <iuulU Sji jiall 

.(per mol) J y>l\ a^uIL Jji*jJI Ajs Ajj..Ja».ll 

• 8j 0 (jJJ ^j'j^ AjjjuiaxJI dlLu_)aA] "y" 4-aj2 (jLl 1.3 (JjlaJ! (jJJJ 

(Standard jLuuJ j^kajll L^jS Jk) *dL*»»JI ^l&JI <^J ^^Lj 

-.JLl LaS composition) 
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(Enthalpy) <^^!j "o»&" Al\± :1.3 Jj±jJ 
■U*fl a|j *LS>»JI GUjjj (298 K, pH = 7.1, bar, lmol" 1 ) 


(C-atom 1 ) 


AH^kJmor 1 ) 


AG^kJmor 1 ) 






ja^o) 4.2 












-91 


-67 


CH1.8O0.5N0.2 




(NH4 + 










-0 


-286 


-237.18 


H 2 0 


»UI 


0 


-692 


-586.85 


HCO3" 




0 


-394.1 


-394.359 


co 2 




0 


0 


-39.87 


H + 




-4 


0 


0 


o 2 




+1 


-824 


-674.04 


C2O4 2 " 


(Oxalate 2 ") 2 ~CiJI jSjl 


+2 


-111 


-137.15 


CO 




+ 2 


-410 


-335 


CH0 2 - 


(fonnate") "ciuUjja 


+2 


- 


-468.6 


C 2 0 3 H" 


(glyoxylate) 


+2.5 




-1010 


C4H4O6 2 


(tartrate 2- ) 2 ~mjI J3J5 


+2.67 


- 


-700 


C 3 H 2 0 4 2 " 


(malonate 2- ) 2 ~Cuj jlU 


+3 


-777 


-604.21 


C4H2O4 2 


2 ^— 
(fumarate 2- ) 


+3 


-843 


-845.08 


C4H4O5 2 


(malate 2- ) 2 ^VU 


+3 


-1515 


-1168.34 


C 6 H 5 0 7 3- 


(citrate 3- ) 3 ~duji^ 


+3.33 


-596 


-474.63 


C3H3O3" 


(pyruvate - ) "cLuajjjU 


+3.50 


-909 


-690.23 


C4H40 4 2 


1 " 1 l'll , A . ,1 

(succinate 2 ") 2 


+3.67 




-1154 


C6H1107 


(gluconate) 


+4 




130.54 


CH 2 0 


(formaldehyde) 


+4 


-486 


-369.41 


C 2 H 3 0 2 " 


(acetate - ) "CjjiJ 
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+5.33 


- 


-445.18 


C 3 H 6 0 3 


UJJ - iS^^J^s - g'- 
^ihydroxyacetone) 


+4 


-687 


-517.18 


C 3 H 5 0 3 - 


(lactate") 


+4 


-1264 


-917.22 




( ctIiipoqp^ \ bK 

IglUvUov ) ^JJ'^J^ 


+4.33 




-942.61 




(mannitol) JjluU 


+4.67 


-676 


-488.52 


v^ 3 ngv_< 3 


f(rlvpprnll / \ r. \ * ■ .i i*C 


+4.67 


- 


-361.08 


C 3 H 5 0 2 " 


f nronionatp"\ 


+5 


_ 


-330.50 


C 2 H 6 0 2 


iVthvlpnp P"lvrol^ 

1 111 V 1 VI IL- J ^ ) 


+5 




-280 


C 4 H 8 0 2 


(acetoine) oiJ^ 


+5 


-535 


-352.63 




1 nlltVriltP 1 t_"l1 ii'l all 


+5.33 


- 


-327 


C 3 H 8 0 2 


i'nronanpdiol\ 

17 CI 1 1WVI 1 V V 1 I 


+5.50 




-322 


C4Hi 0 O 2 


/ 1 a A ^ /"ill \ nil 

(butanediol) 


+6 


-246 


-175.39 


CH 4 0 


Illl^'lllClllV-'l J wujai 


+6 


-288 


-181.75 


C 2 H 6 0 


(ethanol) J j^i 


+6 


-331 


-175.81 




Inrnnannl 1 1 \ «i\ * a u 
IM* K/yJaXlxjLl D^^ij^/i 


+6.13 


-439 


+60 


CisH 32 


n-) JjLj (JjSJLji 

ifilpfinp linnin 


+6.66 


-104 


-24 


C 3 H 8 


( >=■) ciksjJ 


+7 


-85 


-32.89 


C 2 H 6 




+8 


-75 


-50.75 


CH 4 


[methane (g)] 


+2 


0 


0 






+8 


-133 


-79.37 


NH 4 + 


(arnrnonium) ajjjj^I 


+10 


0 


0 


N 2 


(nitrogen) rp*. 9 uij 


+2 


-107 


-37.2 


N0 2 _ 


(nitrite) ^j^l jjJ 


0 


-173 


-111.34 


N0 3 " 


(nitrate) CjIjuII jjj 


+1 


-87 


-78.87 


Fe 2+ 


(iron II) II oua. 


0 


-4 


-4.6 


Fe 3+ 


(iron III) III ana. 
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+6 


0 


0 


S° 


(sulfur) OjjjSII 












+8 


-20 


-33.56 


H 2 S 


[hydrogen (jlc.) 

qiiItiHp f tr^l 

SU111UC \o/J 


+8 


-17 


+12.05 


HS" 


sulfide ) I'nsU jjjl 
(ion 


0 


-909 


-744.63 


S0 4 2 " 


SlllfatG ) dulaluj o^jUi 

(ion 


+8 


-608 


-513.2 


S 2 0 3 2 - 


(thiosulphate ion) 


+8 


-133 


-79.37 


NH 4 + 


(ammonium) 



4.2 = 0.2(-3) + 0.5(-2) + 1 x 1.8 + 4 x 1 <> a^U 4.2 = y x 

jjj^jjllj j''^^ NH.4 + Llij-o!yli lilljj 

jja. j jjjj ji^wS N0 3 — S tiiJij 5.8 = y x 



(jjljj CjL^jJ i_iLi.ua. _)_3 UJJ^V' —T - " ■^= > — — -"^ ^— j j 



_4L___JI j cljiU "y" JlJaiVI ^UjJ : 2.3 JjJaJI 


Y 


(atoms charge" 1 ) l^jUa-ij &\ jlfl 


1 


H 


-2 


0 


4 


C 


6 


s 


+5 


N 


+3 


Fe 


-1 




+1 


^ — 1 ^ A _il_m 4_i____j 
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j-oill J>Lk (jJ^i JJ-\A^ J v 


-3 


NH 4 + 


0 


N 2 


+5 


N0 3 " 



Balance of degree of reduction JlJSiVI 4a jJ JjUj JjjIsj 

■ - Ua (dull jl a^Lo Jc JI_&gJI _&Ai]l (jc JjjLJI JliLall Jl Jaiil 

t H + *NH 4 + t C 2 0 4 2 " jIjJ JLa^VI JV^ JcUsM lUAj 

^ jj .(CiHi. 8 O 0 .5N 0 .2) <#a ^j^ 1 j 'HC0 3 " <0 2 'H 2 0 

t-U>js- (_JS1 (3.3 JjJaJI J 4i}xa]| Obauill j dlljill "y" JL—lmU) J! jia-V 

2 = (+2) + (-2) x4+4x2= Y( >u (C 2 0 4 2 ) jSj 

"y" lillil tjjjj^JI j^aa NH 4 + ) <jj^>JI <i&U y 4-aja 

Jc (CiHj .8O0.5N0.2 J L a ^ -' i Lij 3.3 Jj>iaJI ' . — 3 JjI*j (jj^jjoill 

La -3 = (j^ JJ-^' aj'A y Aaj3 (jli 4 a-uiil Jj '(j^ JJ-^' J v " l&jLuc! 

jjSj tAjj^JI aJjSII C1H1.gO0.5N0.? ^^luiLj tSlljSj (3.3) Jj^?JI J ^jj 

: Jj La£ ■ -ll mail Aljja 

4.2 = 0.2 (-3) + 0.5 (-2) + 1.8x1 + 1x4 

JJ t-4 (jjSjjj 0 2 ■ (Jl (jli Aijjall (j^aijj 

: Jc J^j HCO3 -SI 
0=1+ (-2) x 3 +4 x 1 +1x1 = y 

l_J£ J f.la. La (JLmlmL) (j^ JJJJJ j V/> " < ' NH 4 Ljj-aVI J] <ludjHjj 

I Jc J . ^h id (3.3 J 2.3 Jj^aJI t> 

0=1-4 + -3 = y 



127 



.0 = y (jli (H + j H 2 0) Jfclijll CjL£jJI 4jL <i > . l uiU LjaJ j 
0 = 4.2 + (-4d) + -5.815x2 

-LaS, (^J^-a JJ^ jluJ! dL^Lala-a jl jAlj jl j£-aJ (jj'j-^ (JvLi. (jxi 

jjJ^V 1 J.^-,o\j < jjJ&Yt ^ (Substrate) aJjVi si-ail 

^K5I JaJI ^ ^Lks ^11 -1.8575 csjLau d 

a^ouIIj Ul .Conservation constraints JiliajVI i!jIjjL> jL& ^LJI 

Mia i SaliajVI dlt^Lall AjjUl AiLljJall j-a £JJJ <_£J^Vl CiLalsiIaJI ^L) 

LS lc HCO3 J-aLoaj 4 jj^jjiull jjljJ ^gJc- f-Lu jj^jjllill (_L>Loa I ■ UaaJ 

• l _ s A J 4-a^-a Jalaj olxJ JHa]l li& (-3 j t j_jjj£]l jjljJ 

jjj (linear) SJ^k Ai&le jj^j Luta Jl J£kVI jjl jj ~ 

<1j£]|j i4^a. j^ 4 Lflluiaj jjjJ^WI laa a) iSj^ J^J-*^ Cj^Lalx-a 

.jLajl j& (JJ 1-ljS-a ^Lalc JJJJU V Jljli-V dLa.j.1 jjljJ (jl — 

dll la udl j Nj iHj 'C j-a (JSJ iaLLajVI ClIjjLa jjj l_ Lmlla 

£^Jj-all ^ JalaajVI CjljjLal i$ afij oiji-a CjllniaJ lilLlA 

JJjj I.Ua *Uj ^jlajjSjiuJI <jO**J 3.3 

Stoichiometry predictions based on Gibbs energy dissipation 

Aijjia lilliA aAjLaltj 4ib.laJI j 2 kuajjl (JjJall (j* . (correlations) CliUaLujVI 
j<a (_>uLl3 oAa.j (J£l A^I^IuiaII "jjjila." 4iUa a laHuUj lilj^lip^jjll ^^Ic iaJ*J 

AJjVl sjUI 0- J>a-C— !Li J^jl£]Li qAA (1/Y gx ) ^j^l W\ 

(kJ C-mol" 1 X) 
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1 1 m g 

y~~ = 77^1 + ~7 4.3 

I gx I gx M 
c_a^j Ajj^aJI <5j£JI "cW? 1 " '^V'-V 4jc jill AcjjJI ^ m g Clip. 

(kJ C-mol" 1 X h~ acLJL X J >a-C J >?. jl£ t_>^ j uj^ j '^W^ 

(jjSjj "(jju^" 4iUa (j^i 4 aalall -j-j, *-oN AjjpJI <]j£]| Yg x maX l-al • 

.(C-moi x kr 1 ) j j?. ji£_su x jj^-c o-ya 

£-a 1/Ygx (JJJ a ' ".' " (a£}Ie. jl) JaUjjl ^ jjil j 4 jljj alt j _^<u11j (JjLtLa 
ojl^a. CjL^.j^Jj 4£._&lla ^g-ajj^a. yai d ttJajl Jc. j.'^*''"' AiDlxJI s^Aj -nig SI 

J 4 (Heterotrophic) j > ;-<(-■ j! J& tj'm& - 
(j^-jjiul] jjlL ^aj ^LLj j 4 4jjI _&aV 4AjjI ja ((Autotrophic) 
^.ikiuL 4<a jiLo aj! J jjjj^ i y» Jis- j 4 (Denitrifying growth system) 
.(Reversed Electron Transport) Uu£& ujj^V' l& ^Lkj _»a j RET 

4JUua]| ^1 j-ua. 4iUa JLS 4aUJI 3Jaj|j 1.3.3 
Correlation for maintenance Gibbs energy 

4iUal J jjtiall !_$ jL">J t-lmtla Ajltjll <tal*-a]l (jJfaJI JalijjVI 



I" 69000 /l 1 \1 
~~ 4 5 eXP I 8.314 \F _ 298/J 



348K 278K CJ I jn sjj* |j| ^UijVI 11a 

(jjjj^ll jA» exa Jc. .laiiju V nig (jU ^kial _all (j-aj .AjjI_»aV j AjjI jA i_s jj^a ,_S 

Jc. JJJ^ <J£jolJj JaS3 AaIju (j^lj 4 ( jjJJ^l'VI (J.'°"' ' " " jl LS ^"* " CS^" 
i'qjiIs!' <5Ua JJ iaia ^liaj A 'jju alt r'lljUr. (jj I - Ua LjUala I^A jAjj .sjl_)^JI 
."(__>jU^," <5Ua (j-ajj j^ill (JJJ^V J.'°"'"' "/u ^"* " -^-^^1 (j 4 - ^aiSI 
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jajII Ajyjjual] "(_>uj^" J 2-3-3 

(Correlation for Gibbs energy needed for growth) 

6.1a. j Clslj) l/Yg x maX j-aillj <Uajjj-all "jjjiia." <5Ua CjLa.Liii.1 Jj 4-ji.iallj 

(kJ Gibbs X ^is^l l> J >«~C— SU "o^" c> <-!j^ jlft ^ 

^ 4inJI CjILUjjVI JU*U (j£aj ( energy C-mol" 1 X produced) 

(jjj (j-a AjjI^ AjAjuII C±jl£ lij jl 1 4 Jj ■ <aC t5 -lc- Aj-lilll lij 

: J, IS ^UijVI ujlj RET a^U 

1 



x = 200 + 18(6 - c) 18 + exp{[(3.8 - y s ) 2 \° 16 (3.6 + 0.4c)} (|) 6 3 



: J, IS JaliijVI uj^ RET J\ *jii3il lil U 

74r = 3500 (m)6.3 

jIj- A^iiil! 2UU J d/Y gx max ch u^J (I) 6.3 JjYI Ja 

A^jAj j^oJJ (_S^J t (JLatJIuiV I JjS j'^- AjiJjJa Jc- .1<UXJ ' J j ■ 

jA« (JaxIuiaII L_l£jUl J Jjjj-all) (jjJj^ll Cjljj ^1*-!J 'Y s 4(JljJa.YI 

(t) 6.3 aLLlJ jjii .( jjS jK j&i (jlS Ijj 4 = y s j 6 = C u_*l£ 

A^lk* "o^" AilL (> Jj^jLS 1000 j 200 a* c^ 1 J 2 1/Y gx max ^uja ch 

|jj . JaaAmxIl j li aa (— luaJ lilljj 4 4jjJaJI 4Jj£]I (j^s .laJj (Jj^i - C ^J 1, all 

J a all (joi i-i 1 ajS (jjSlui 4£lfrL nalt AiUall (jli (j_jjj£il j L ax jA jj£jl£]l jl£ 

CO uj^ 1 ^ JJ j 1 * J 1 ^ J ^ILII ^ JtVl JL-JI (iJnij UiD tt4 isVl 

<*jjJJ 1/Ygx II jl jjJJJ tl^lli Jj AiLjaVLj .(JJJjS jA^axS ^U^",, All 

(jj^J (jl Jc- 'JS! (ijj^J^' J v J) (jjJJ^ll Cjljj lie (jl£ Lal£ 

.3.8 ^ajfcii jiJi t> >J J jjsI jjsiVi 
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Cllljj (jx>) (JJS J^C lj (jjJJ^ll jiuii-a lij Ajl Jj lillj ' . llui 2j3U 

d^fclajj dllAaC. i adSj Cg J]j C4 CllLl£^a ^jii aJ AjLaC. jjli ((jjJJ^SI 
A it $.LuS Ajjjjj^aSI 2 ij\U^I dlLl^^all lillj ^^ijV oJj^fr AjjJa-j 4jjLloj£ 
jli / JtSlbj '4 Jl ja. (jj£j SLfcP^ Jlj3a.VI Aa.jJ (J id! ^j-* 3 ] -SSJ^' 

' itiaJ (SI tAjjJaJI aJj£]| (j-a aJLai£l jl Vljli.1 JJ^I J V " LS' JLmUxuI 

JljikVlj SiuiSVt (j-a ^JJ^a. AjjLbajS llL/L&lij ' . 1II3JJ t(4 (jc-) Ajljii.1 Aa.j.2 
(jl (jJJJJ Li* (>a . Jl. MU . u ivU Lu..ili<i Alxaal (t_l.,.i l i.a]l £JUjlL)) 

Jill Ajj^I aA^£1\ cjvltUill i> j£! jo*J 1/Y gx max 

jlj (j<a AjjJaJI aI&JI £_ljj-£aJ lillj Jc JULallj ."(jjiJa." AaUa (j-a Jc-I KM <*, „l 

5iLL Aa*£ jli (!) 6.3 *H*-1I l^u^s ( (1 = C *0 - y s ) C0 2 ujjj^I ^ 
(kJ C- X J>» -C_!L? Jja.jl£ 986 ^ ^ AjJkJI j a^jj^I 
236 .Us <.iSW u ,„ (6 = C A = y s ) jj£ jlSlI Jt«nJ .mol" 1 X) 
liA ^jjj ."j^" AiLL qa (kJ C-mol" 1 X) X J>a -C— SU JjaJjS 

Je, .lLaJE.^1 .lie t_ljliaxi]l j-aiSI (Jjlaal jj&l dlvltlij ^Lna.1 i_£lii.VI 

• Cl^J^ U_JO^I \) ' 

* V (Autotrophic) *#liS ^1 JU J 1/Y gx max _J a-uS 

C-LiJ Jc-Uj £jJa j JvLi qa t*lli (jSaJj .RET (Jl Aa.U_i L£ La lil Aija-a (jx V jl 
cj2_axa]| (jjJJ^VI u ^"* " -I i-^" . jl Jj (j^&jj^ll ilui£l j_g^ (J>a ISvUajl AjjJaJI 4 Sj£ SI 

jjii^j j°. all (3^ Jc-UjII li$J AG r A-aJ Ijjj .jjjj^U 

jjc. jA jjJ&SiU laa all t_£jJI jj AiUall ^ jLuia jl lillj (^jjui (AGr»0) 
Jjj^jj ^ja: |jj 2 jj^a, J CjUjKJI .Ajj;^ aJjS CO2 — Jl Jljia.V t_al£ 

SI Ajlat -I lalml J (Jc-I AiUa (_g jlm,<i Jj (jjJJ^lVI - L_l£j^JI qa 

: jSij tAjjjlall AiLkSI jj (jjjJ^lVU (jJCjiLall (_>a jLuIl Jc JllaS .RET 

• Fe 2+ /Fe 3+ 



• NO2/NO3 
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1/Y gx max o\* RET J\ ^ jjJ^V 1 J\ 

6.3 Aijl— II ^ U£ (kJ C-mol 1 X) X J>» -C_L Jja.jL£ 3500 

ciilclijll ^ AjaLiaJ SApe Cil ^llaj RET J ^ -(s- 1 ) 

J H2/H + Jlo UJJ^V '"^-'^ " 'AiO Ajiajll J] AjjouILj 

jli <s jjSiJ ujJ^V 1 J) -RET J\ V CO/C0 2 

US <kJ C-mol" 1 X) X -C-Sb 1000 ~ 1/Y gx max _J ^ 

• ((jjjjSlI ja^o ^& C0 2 ) 1 = c j 0 = y s t-ya. 6.3 aLUJI <np 

Occurrence of reversed electron transport (RET) in 
autrophic growth 

<LaJI aiA ^ <1UJ! oi& <J .(jjJj^B lj,l^a.<i HCO3" JLaaluL tJjjjil^U 
^JJ djja 4olj.ll _jA La£ cAjjJ^JI (^UJI) (Jcliill AjlliS 

:^ U£j jjjm! cr k~ JLrfJ <> HCO3" Jj±\ 

HCOJ + 4.2Fe 2+ + 0.2NH+ + 5H + 1CHi. 8 Oo. 5 No.2 
+ 4.2Fe 3+ + 2.5H 2 0 

.J j^. jL£ +454 = AG r ei i_iLota. jixu 1.3 Jj-^l - 1 
^jiiB RET Fe 2+ /Fe 3+ ^liill Jl^J SjjjjJa ^kal jll l yd ajIcj 

"qju*!' 4jjlia dUaLujI JLmlLuiL ^ jla jj£j2uJ) 3.3.3 

Stoichiometric predictions using the Gibbs energy correlations 

j 5.3 £iVi~iil u^l 1/Y gx max j m g jVI JU»U ^ 

jILojjSjJjuj (t^-o JJ^>?JI j-aill A aijjl J^) £^J-j j' (j^*^ (m) J (^) 6.3 
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.SjljaJI • 

1 C- donor) jjJ^V 1 t> JjA? X J^-C 1 J) 0.01 Jl*- 6-^ 
4jLc Jllall (j^j .% 15 -10 Jl ^Jf^ ^ f> (mol X mol 1 

. jli.ull <Lal£ L-jLuia. 

"(jjij^" AiUa CjUaLu jl J Lm l Lu Aj j-aUl ujULml! ^ jlajjijluJI jjJSj 
Stoichiometric predictions using the Gibbs energy correlations 

4jj1o 4^.J.i 50 "jlj^- <^JJ Jj (JJJ^j^ ia*-aS Fe Jj Fe - 1 lalJj 
J '1.5 = pH <jJa (jjiLLuj '(h" 1 ) <cLulb 0.01 >aj AAuiijj i(50°C) 
( Jj Loj3 (JjIIaII) (Jclij (jl . jjj^. j jjjj jAk^aaS NH4 L}j j-o^/l »\ l^lml J 

tillj j (One C-mol X) X ^.1 j J >a-C rtajy a-ipaj j ^.^j.^Vi j£aj 

+ (JHCO3 + bNHj + tH 2 0 + d0 2 + eFe 2+ + lCH,. 8 Oo. 5 No.2 + /Fe^ 
+ gH + + 1/Y gx kjof Gibbs energy 

(Conservation Jaliail dib j"* aI^ 1 j j'^" 1 ' «j 

(_5 jlajj£jluJI tiiXaUi t_iluia> j* jLalll aILL jjl jj j constraints) 

(jx j' oLo>^ l/^gx ui* '4.3 ALU-all UUw*U«l |j| .g J] a t> "Jj^a-all 

(h" <cLulU 0.01 ={0, jl J Ja^ffi RET jl Ualc) sLjj jA La£ tCjUaLiij^l 

:((K) (jalS 323 = T 8 J jaJI J j *) 
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kJ ) X o- J^-C-SU J^L£ 7348 = 38.48/0.01 + 3500 = 1/Y gx 

(C-mol 1 X 

3.1 Jj^JI ,> 1 = AG f e 

0 = 1 + a ujjj^I JiliaJl 

0 = 0.5 + 2d + c + 3a JiliaJl 
0 = 4.2 + e + -4d JjSiVI 

0 = f + e ijAJ JaliaJl 

0 = 0.2+ b u^jj^I Jili^il 

0 = g + 3f + 2e + b + -a CjU^ill JiU=a! 

(- + (-67)d + (-78.87)e + (-237.18)c + (-79.37)b + (-586.85) a 
0 - 7384 + (-8.54)g + 4.6) f 

AGf i-llma, SjlcJ CIloj .& tH + J] 4-iuu3Li AjL liA SU^M alt Jj ^ 

(pH = 1.5) 1.5 (2.3 Jj^JI ^i) (pH = 7) 7 

kJ H + ) H + J^i J j*. jLS -8.54 -38.87 6- AG H+ 

jl£-a J^j) Ja*iJ (jill Jlji^VI Aa.j-i jj' ' 1 ^j 1 .(mol 
cL^j (Linear equations) clluJI ^LkaJ cj^jU-aJI cdlj J*. a*j .(H_ II 

-1HCO- - 0.2NH+ - 218.88 Fe 2+ - 53.670 2 - 219.68H+ 
+ IC1H1 8 0 05 No2 + 218.88Fe 3+ + 109.84H 2 O + 7384 kJGibbs energy 

1.3 Jj-i?JI t> AHf 6 JUutiub (heat of growth) s J ja. 

. Jja.jL£ 12620 lsjLjj SjljiJI ^ La.uit 
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iSclilaJI j^aUxJI jUj! cjIua ^ hj+zA] ^bbdl 4.3.3 
Algebraic relations to calculate stoichiometry 

s 1/Y* 

*LjH2j| a£U| ^U.\ JllaS . 4ia.ua CjLuiajall (j^ju J la^Lulj l/ gx 

v (—AG cat) 

7.3 



+ *A (_AGcat) 



^ a qa aaJ j J jsAJs (JclfiJ ^ "<_>ufa." 4iUa Jj j-ajJ AGcAT ijj 

j Yx uj '(kJ C-mol" 1 donor) ujJ&WI J"-" 1> ^ J l)j- - C JJ aj^Ij 
^ J j-al ^agJI Jclij (jj^J (JjjIuJI Jllall ( _ S J1 4 i > n*i Ibj .(mol *) 

Fe 2+ + ) 4 0 2 + H + -► Fe 3 * + \H 2 0 

1.3 JjM t> AG f e ^ ^AiiuiU 
LUvm, t (kJ mol" 1 for H + ) H + _ll Jj^jl£ -8.54 t (pH = 1.5) 1.5 
AiL^L .(kJ mol" 1 Fe 2+ ) Fe 2+ Jj- J£i J^ji£ -35.78=AG CA t e> 
XJrJil Jj^jl£ 7384 = 1/Y gx j d = y d j <4.2 -y^j 
J>» JS1 X J>a-C 0.0047 = Y dx ^ Jl l^j ' (kJ mol" 1 X) 
"e" ^jlajj^jl- JjaUii (jjjii aJc. j .(C-mol X mol" 1 Fe 2+ ) Fe 2+ 
4 (mol Fe 2+ C-mol" 1 X) X J>*-C l& Fe 2+ J>* 215 csjl^j 
mol ) X cb*-C Fe 2+ J>« 218.9 Aj j . u ia. J l <j»M Ia*. SjjjS 

: Jj L. 7.3 *U*-1I ^ .(Fe 2+ C-mol" 1 X 
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"of?-" jtpjl ^-a (hyperbolic) -iajia J^Af Y dx <*ja ^jj • 

Y(j x <ai2 (jj^ lj' JJ^J ^° '^*J '("^GcAt) f-^' JcliS (j-a 4 a "l loll 
<_S jlall La£ i Jal (4-llila — AGcAT "W* £-*) CS^ jA^JI f U=" ^ 

"(jjiia." AiUa O Ja! ' . illaSj (Jill <_Sj_)]a]] ^^Icl Y(j x 4-aJ3 • 

[aSic l/Yg X 1 Jal lillj t^sj -^j^ ^ 

.RET SI Ijin^O jjjjJ^VI (Jii J ji. j ji^C-j t _ u ill 'loll j J' aLaJI (jjjj^ll 

^l^kiojlj 1/Y gx 'M Jj-^ <^c- (Hyperbolic) -iaja-a J^A? Y 

dx ■ i ^* J • 

• 3.3 <hl*-a]l £-0 JJJ LaJ 4ji U^ill Jxilt jjjlj 4.3 <bl*-a]l 

(> Jj- J >a-C Yd/y x Y dx _S c5 J^ 1 cs^^' iaJI ^kl • 

oUj tdlij (C-mol X per mol" 1 electron donor) ujJ^V' cr^*-" 

.(kJ C-mol^X) X J_^-C J£l Jj^jl£ >^ l/Y gx _S 
d^lclijj 4j blali) jjc <LJjVI jIjaJI ^ Jj 1 - ja&j Jj*^"' 5.3.3 

Estimation of growth yields for non-conventional substrates 
and catabolic reactions 

jIj* VA)^ 1 i^ltfKJI jxj J 1/Y gx max _S! CjLLLuJ 

j^ll (jx JJJ^ lilliA tAjJjjll AjjjaJI "Litaill ^gk .Aj1j$\ (_pajVl CllLLuu ajjilia 

cAj jjjS jja^JI j 4 (Benzene) ui jjjftS (Aromatic s) ajj^I ^ 'aJjV! 
tPAH j (Polycyclic aromatic hydrocarbons) CjIILJ! j.^*!* AjjiaxJI 
(Nitrilo <J^I (j-"*- jkA^ ^ (Chelators) ajjL}*j£1I CjIuLlJ j 
i_yJi\ CjIjLui* SjjiUa CjU£jJI tSSts t-jjj^ii iNTA J triacetic acid) 
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Jl ajjIjjcI jjc. Jjja^l (Mono and dioxygenases) jja^Vl <> 

J „ A\ jj-t . XVI j| .AjliJI (_paJI J jAlj (ilia Cil2 JJjlj) a ^**J 1 "J CjIjSjx 

.iaaS ajljiJ! £cljj '(_pajl AiUa ^l^j) J) L$-^ ^ AjualaJ dll jLuLall ej& 

\ g iS 1 j cAjl&JI ao& J gliall J jj^aa-all 4-aj2 Jj-^jl - ^Ijuij JjLui jj Jjjla ^^1* J 
a luiSVu Jjjj^MI J ^ CjLaj]*^]l ^1 'l-s'unl ^ ■ aaaj Jg i nl j AJauiXa Aijjla lilLiA .'a I'^t <i 

gjji .Aiajjoj j (j^J CjLSj^ ajjjIsjII jjc. jI j^U (Oxidative conversion) 

iA±a AajliSI AjjVI t>ajVI Cjlaaix Jj Aiuiillj Lai .iaai SjljaJ aAc Jclidll laA 
L-LmaJ jl j£-aj Ajlcj ' j^ill 4-ilaxl AiUaj j_JJJ^ jjj^aS - IkSju Ig-ili 

j t«Uj Lujj La£ '("t 1 ) j (') 6.3 j 5.3 aLU-aII JaiiuiU Lia j^ill jiajj£jlui 

:^LuJI jU^Jajj jjjltil! (jjJLvall J .3.3.3 sjaall J Jj£ia3l Jliail 
<jjji±!l ^ (jj-aUaJI o"Ij3) j-alSI jla jj£ jIuj 

Growth stoichiometry on benzene 

iiljj£jj-a ^gjoi^jjAllA J] Ajj^ o CAjjl£ 4Jajoil (CgHg) jj JiJI J _J^Jj 

(C 6 H 5 04") (Hydroxymuconic semi aldehyde) -isL^^I 

: JUI JeUSSI 

C 6 H 6 + 20 2 +C 6 H s O; + H+ 

uiSVl £-a jIajVJ j-a A^jLi AsUa Jclijll lift ^cjjj ^ J 

^-u^jjijU tjclisll j^ g5Ull Jajjoijll ij^ajVl u^j -(Oxygenation) 

.jajII (jjJjliiAll AjUallj jjjj^ll JjiaJI _jA iAll^JalV AjJjai tilj_j£jj<a 

(ilj jjxs ( _ s ^u£jjJjIa (j-a J j-a J£] Jj^.jIj£ 2516 = AGqaT £-^J 

jl <■ 3.666= 22/6= yj 6=c t(l) 6.3 ALU-all (jjfkj jjjj 

j^j .(kJ C-mol" 1 X) X J>a-C JS1 Jj^jl£ 233 - 1/Y gx max ^ 

^j^uS jjijU j-a Jj-a JS1 jjjji]l22= y d j 4.2= y x t-y^. t7.3 ajjU-JI (jjfkj 

jjjMj Jj-a— C J^ X Jj-a — C 3.75 = Y(J X A-aj3 jl iJjl^jalVI Ajfui j£ jj-a 
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^a j ^uall ^ ojiA j .(C-mol 1 X mol" 1 benzene) 

C-mol ) JS1 X J^-C 3.42 Ji«3 ^311) g" 1 X" 1 g 1.20 

24.6 j <jjj^JI <SjSJI <L>*^& sjI» %90 JL«iuL i(X mol" 1 benzene 

.(C-mol" 1 X Aj^uaft ^!J^ f'jfr 

Growth stoichiometry on phenanthrene 

(Oxygenases) J n^j.^VI CjUj jjj aLJ (jjJijLLisJI J jai 

— 1 phenanthrene (C 14 Hi 0 ) — 60 2 + 4 pyruvate (C3H3O3 ) 
+ 1 forma te(CHOJ) 

(kJ ciili jjjL J^o JS1 1048.74 = AG CA t i> ^jjjUl t> 

6.3 2_bl*-J fljLkluL .illij t J_^ji£ 373 = 1/Y gx max j mol" 1 pyruvate) 
10 = Yd j 4.2 =y x u! ^ 7.3 j t 3.333 =y s j 3 = c <V ft 
1.29 csjL_u ^ j .(Electrons mol" 1 pyruvate) c_uli jjjj Jj* ujj^] 
. (C-mol X mol" 1 pyruvate) c_ulajjjl__l _> J>a J_U X J>«-C 

251.85 = AGcat) es^" o-y3»-*.l Jj. ^ 

JS1 Jj^jLS 651 = 1/Y gx max j (kJ mol" 1 formate) c_uL Jja JS1 
J-^ X J>«-C 0.213 <_5jLuiL« (2 = y d 4 (kJ C-mol" 1 X) X Jj^-C 
jAill ajjjsJI 4___J J j.^i-sa ^jj^js .(C-mol X mol" 1 formate) Cjj-°jj- 
J r J^-C 5.37 - 0.213 x 1 + 1.29 x 4 oiJnUill 
6.5 gjfc Uiij (C-mol X mol" 1 phenanthrene) jjj^Lu-ll 

j t %18 ^ ja. ja Ua (jj-llj .(C-mol X mol" 1 phenanthrene) 
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. ClLajjsllj CluSjJjlJI (j^a <_J£ LS lc jaU AjjjaJI 4jj£]l 

jl j^s ^^Ic- lilfaUjJ j^sjjII Aj^llijj (JjjJaj U^°i ^JxaVI ^kJajJ 
^-a ^LaJ^lj jj_aaa]l o jiai. J_&a> CllLa _jLt<a]l j3 jJJ (jl 4jaJjw 4jJjlaj JJC. 

.Ai ^Jaiw j (j^J cjl£j* (Oxygenation) jj^wSVI 
(Bio-geochemical) <jj^J1 cLyuSjjaJLj (jkLJ (jjjkill JL?-a ^ 

cj^UJI lillj ^ tJU ^-Xal jj^jj Jaw j J i(Alkalophilic) ls-^-Ls 

iilLaljjJj^jj3l \±±a j jlc- Jj.x-*- -ti JLaaluj) a Lai LjLiifr 6-3-3 

Limitation of the yield prediction using the thermodynamic 
approach 

aJ I " ua 'Y sx ^-aj3 aaj (j-a lajlw 1 g i '<~ijC aJ ^gjll (j^lall 1 a 

(jiajl illLsLaft AJJJ^JI p Ua-jSl I Jjj^alij <ja J£&^ 

CllLljLajJ ^ li& ^>JJ*J JS J .AiliiwaJI ^JJgf all CjUjI£]I ^! jjl JJ-aJ jjlll t<U bljfill 
<a» J . (jl^aO?l a j-i Jj i al Soil lillj (j-a jJt&lU laja j V lijj? <su!La]| (_j_)ia]l 

U£ jJaSa jjc. AjIjVI ><JI A^aullj CjLa jLuall j Jjj-aUill liili 

a^Lixu^I Cjli^kVI jL jSiij J lal jj V u^j .5.3.3 ^iaLJI d& Ik.-^J 

^aij 4jLa*J Y sx ij^^ ^11*3 .4^j!iilLl Jaij^a j J- 0 ^- AjjJ^JI 

(Saccharomyces ^Laj jl£w]l JL± jjSjKll J_ajlijVI 
(C-mol X jj^jK J^a JSJ X J>a-C 0.15 Jlja. cerevisiae) 
cijk ^-^i"^ Y sx _ 1 A-ajall (j^ij jjk. J-^suj C-mol" 1 glucose) 
(Zymomonas mobilis) lh^ >«W j 'j^ 4 ^' j m 1 -^' j 
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Y sx 4-aja <J ^jal! I J i0.07=Y sx 4 a y> \ J jjlij)/! J^^> f j£ 
Jj^"' jLum) AjjjsJI <^Lloj^1I CxAc laill dljluw ^ c_aillkl 

.(^Uill J^aill jkjl _ Entner-Doudoroff route jl"^ Jj^> Glycolysis 
ill Y ex _SI 

liLwLLjj^ jjJI jjJaia (j- 4 J- 4 ^ 4.3 

Growth Kinetics From a thermodynamic point of view 

<> .K s j |j, max t(jjjjl ujj^J^ 1 J oLy*^ j^I j^ 2 

(aJ jVl J) >ajl) jjjJ^WI « J ■ . ' i aa 1 JjAjll ALLS K s Aaj3 J (^JiJI 

J ^Passive diffusion) (^jLJI jLiijVI aLJjj ^j^all jjl^l J^b 
luiUll Ja^l 4_kJ jj J (Facilitated transport) J^a]' l&jI aLJjj 
^1 lil^Ljjj j-ajill ialijjl j tjS-aj V dllil .(Active transport) 

^xulj JLa-a ^ \ (f'l<\;3 JJ*JJ '"U"' |4, max Aluiillj Liajl (j^-a-a JJC. j&j .K s 

.^•jjll 4jj^JI *lp>Sn t >" ( ri_1 ) ^-"^ 1 cJ) 0.001 oh 

Ajc _ai]l Ac-JjuJI Aaj3 La-lie AjIj £3j!ij (jl LiuLi-aj V ji*-a jOJJ ^2 (j^lj 

Atju A-aj3 (jj£lui3 1 4 ■ <aia ' a (^-^1 llAjLaC (j-a) "(jjiii." AiUa ^l^Jj/ (_g_aj aSlI 
tAiLLall AjJj-la^a j^s ajfrLall I^A ^1 ^V'miIj j 1 i ajj 4 , >>q^, '< o ^ j i , — i q M AjG-jill j-aill 

kJ C-) q G max "oW aSIL j-LuV 5^ jill ^ aJUII aLUJI jLaj 
.(acLJI ajjjsJI aI&II t> J >a-C J^l J_*?-_A£ mol" 1 biomass h 
I ,r = 3[(-AC CAT ,/ ) ,]exp[^(l-J.)] 

La ^^Ic CllUJ o!ilcl <Sjla-all Ailfall 3i!l*JI jj 

tK 298 Sjj^ Aa.jj ^ (mol electrons C-mol" 1 X h) <&LJLi 

.8.3 aLUJI ^ 3 J-Ui 
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(Arrhenius j'V'^j' A£>le i.u.a ^cj^JI o^a sj j=J a^.j.i jjjfc _ 
csl (J mol 1 ) J>« Jj*. 69000 l^iaja ki^ij aSIL ^» relation) 

Aj_ala CllL^ vi 10 0jl_>iJI lllt^jJ dlatSJjl LaK ' ac-l 1 aJJ A&jjjJI (jl 
J^a JSi Jja. 8.314 AlajS <_£jl5l ^jliil CllUill R j 

.(J mol" 1 K) s J 

(_5jLaLj (cjQ maX ) llAjlaC. ^_ya '(_>ufi. ASUa ^^jV ^ j' aill Ac jjjiII (jj — 

<aUa ^Jk ^gjllj '-AGcAl/yd — ) Ajj^a-a UJJ^VI J^j Acjij 

.(Electron donor/acceptor reaction) ujj&iyi 

iajj (_£Lk (jx (Ajitjll aLU^II i-J.ua>,) (ll"') AcLulLl |i max A_aj2 ^Jc J' aai 

5.3 aLUJI <*-a "l>^" <-S <ejxJ-? AlkLall 8.3 aLU^I! 

jLoij j) (_£ j' aiit Ac JjJI i_a Jjia ^ j"' 1 ^ Aj^DaxIl "(jjiia. AiiUa (jc ^>JaJ ^^jll 
SjljaJI -s . r\ 'fi j\ Jtioa i_a U ..Jal 4.5 V'rt/q £^PJ tAilji .-ill £-a |i max /Y gx <i 

i^-L U£ iajjll 4H*JI .(temperature correction) 
-69000 

l/ 

ly max 

/ gx 

Igj-a cAilii-a Aj^_a " CjUjIS lie (X max A-ajkl I ILa^J 9.3 AjjU-JI ^ Lju 

tjliiJI jUJ Ai^iJI methanogens —II j iCjljLUll A^iiall nitrifiers— It 
.(Heterotrophic aerobes) Ajj^a*J1 jI ^Jl ^ ^iiS ^ill ajjI j^SI j 

Further reading ^jili ^a) >« 5.3 
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[3(-AGcAT»/yd -4.5] 
/'max = ; exp 



R 



f 1 -— )1 

\T 298 / 



9.3 



141 



Heijnen, J. J. "Bioenergetics of Microbial Growth." in: M. C. 
Flickinger and S. W. Drew, eds., Encyclopedia of 
Bioprocesstechnology, Fermentation, Biocatalysis and Bioseparation. 
New York: John Wiley and Sons, 1999. 

Heijnen, J. J. and J. P. van Dijken, "In Search of a Thermodynamic 
Description of Biomass Yields for the Chemotrophic Growth of 
Microorganisms." Biotechnology and Bioengineering: vol. 39 (1992), 
pp. 833-858. 

Heijnen, J. J., M. C. M. van Loosdrecht and L. Tijhuis, "A Black Box 
Mathematical Model to Calculate auto- and Heterotrophic Biomass 
Yields Based on Gibbs Energy Dissipation." Biotechnology and 
Bioengineering: vol. 40 (1992), pp. 1 139-1 154. 

L. Tijhuis, M. C. M. van Loosdrecht and J. J. Heijnen, "A 
Thermodynamically Based Correlation for Maintenance Gibbs Energy 
Requirements in Aerobic and Anaerobic Chemotrophic Growth." 
Biotechnology and Bioengineering: vol. 42 (1993), pp. 509-519. 

J. M. van Briesen, "Thermodynamic Yield Predictions for 
Biodegradation through Oxygenase Activation Reactions." 
Biodegradation: vol. 12 (2001), pp. 265-281. 

H. V. K. van dam Westerhoff, Mosaic Non-equilibrium 
Thermodynamics and the Control of Biological Free Energy 
Transduction. Amsterdam: Elsevier, 1987. 

R. T. J. M. van der Heijden, J. J. Heijnen, C. Hellinga, B. Romein 
and K. Ch. A. M. Luyben, "Linear Constraint Relations in 
Biochemical Reaction Systems: I Classification of the Calculability 
and the Balanceability of Conversion Rate." Biotechnology and 
Bioengineering: vol. 43 (1994), pp. 3-10. 

R. T. J. M. van der Heijden, B. Romein, J. J. Heijnen, C. Hellinga and 
K. Ch. A. M. Luyben, "Linear Constraint Relations in Biochemical 
Reaction Systems: II Diagnosis and Estimation of gross errors. 
Biotechnology and Bioengineering: vol. 43 (1994), pp. 11-20. 

R. T. J. M. van der Heijden, B. Romein, J. J. Heijnen, C. Hellinga and 
K. Ch. A. M. Luyben, "Linear Constraint Relations in Biochemical 
Reaction Systems: III Sequential Application of Data Reconciliation 
for Sensitive Detection of Systematic Errors." Biotechnology and 
Bioengineering: vol. 44 (1994), pp. 781-791. 



142 



(^jjjISjjjjI) Sljill 

Genome Management and Analysis: 
Prokaryotes 

Colin R. Harwood JjjjU 

University of New Castle, UK S j&ld 4£U»i1 » J*-tSjjj 

Anil Wipat cjUj JojI 

University of Newcastle, UK SjajaII Z£1aA\ t J«l£jjj Axal*. 

Introduction 1.4 

' * ■* 

^lia <J jtaaj ^ jjj a£ ejb j tVjl lAjltill L_sl ja!)U (Ja*1uiJ Igjli ta jail Aijli 
jjjjaj iljjlj SaLA£ Lj^Li. ^^l^ Jl t(_pajVi ^cjljjj tdll V'JJ.'^^ i^iL^al j3 jla 
jIja ^llj) tUiiu S4jjjjj_)j]1 4 i a 1 1$ SI (_pLi (j^i ^tlj-all i " i1 q i j dll jja* (jjjatalj 
(Jelijll till jluixs 4jaijjA) 4 "fc-*- a tlLylelij j dll jLai-a (J1.ab1i.iiIj (j^lj i!>L^a1 aj3jlo 

^ jj>jj V sjjjj> i>« ^\ij] j jjj^j (but jj t(Pathways engineering) 
(Directed or hybrid J lSj^ m^j^') ajujLJI 

•biosynthesis 
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ClAjjj-a]l AjjIjjII CjLajl*-a]l -J^*'"' (Jj^J ' ' J U <a aa II 

.(^gjliill t_j ■ aall I ■ <3jl CjLnjj^ull ^J'' <3J ' ° 1< ' S^LuIaII CllLajI*-a]| 





0 bp_SL o-liai JL?-* 




30000 - 800 


(transposon) jjjjiuijljj 


150000 -1000 


(plasmid) 


300000 -3000 


(prophage) j^jjj J ^Jj o-jj^ 


9450000 -600000 


(^jjjij^i j^£]l) Lijjj^JI ( JtAi^a 



.(Base pairs) ^jjill (j^JI ,J a^vi j&I jSJI ^Ijjl -^c (I) 

Bacterial chromosomes and natural gene transfer 
Bacterial chromosomes tiU>yi>«jjS 1.2.4 

j] .^Ijjll jI jaSI ^LuoVI JaUll ^IjJLj ^* j (Gene expression) ^LmaJI 
J t 3i£lj <i_u^> Cil j ^L^l Laja. ^gjju (Chromosome) ^ >a jj£ ^ik^ 

(Light ^j^l j^alLf l^xai tjjl (Eukaryolic cells) ajSjUI sljjll CjLu 
SjLS Ja^j (Jill Aj^Lall cjLjSI jaII Jo.ua] ajajouII Cutuj jj *j .microscope) 
Ajli (Genome) ^ _&i?=>. ^IL — Lai .AjaJI CjLuI£]I J£ 4j5I jjll CiLa jlx^ll 

.(-^Jl (jJ^l -lie- CjLo _al*-a]l J£ (jc JJA*ll] ^aj^aj <Jjoi a _a$ia£ J-ajUjoU 

IgJ jft j£aJ ^gjJI Aj-lLall <1&]I ts ic (jjliaj (Nucleoid) JJjjlS jJJ ^MLu^al j 
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(Replicating genetic material) <acLjaJ! j ^joull <Ui <L£il jj 

t (prophage) f^iLjjjj tAJj CjLujjjaj t(Plasmids) lW^j 
UjIc. (jliaj ^1 (Transposable genetic material) *$±^ ^ jj <-W j& j 
CjUU Vl^a 1.4 Jj^?JI ujjj .(Transposons) 

iujjill jcljill a 1 .(dsDNA = double-stranded DNA) DNA-S! 
|j& 4j«jJall SlaJI jjjijll |« V ajj! jjll i jxll (Nucleotide base) 
2ujiil| AL.15J Vjt r^LjltsSI jaVI ^ *.iaj cj^l '(Methyl) JAJ AiLja) 
5icLjaJI ajLc iu sjj^sJI lilli (Conserved strand) <Ji jiajJI 
j* — H AilaJall L^jLajjjf iaUij ^ AjlkJI DNA Uilj .(Replication) 

sUa. ojjj JsJ j^i (j^aj dii jj Aj>-ajj IjJIj j '(Nucleases) jijKjjj <_$l lSjj^' 
LbJ CjLu: jjuall jjojJI .(Timing certain cell cycle events) ajLlS! 

i La£ Aij| jjll CjU jlxxll jl.^a.ftS (dS DNA) DNA— II (> AjjIjj a J^Ja ^jic- 

i_s jiaj Lajjj i(T-phages, lambda phage) j <»$jL«-T 'a^j*^* 

Single-stranded ^ ssDNA) DNA—ll Alls* ^ (_J jaj CjLu jjj3 

<> S^vl j Alia, (^ic cM13 j <I>X174 o-jj^ 1 (DNA 

J US (dsRNA) RNA t> apb* J MS2 ^jj^i Jlc (ssRNA) RNA 

CjjjjfLlAjl Jjj ^jjjjxjjSII ^a. l_iliaj .(RotOVirUS) i_y>J JJ2 JJ J J 

.UxjI ^ t_aMik! Jijj US 4(2.4 Jj-iaJI JJajl) t-iU>H sjjic Jj-aJ Luj 

Ajiull ^ jjj^Jt --^ ^j.uS.t-1 ja j .(Topology) /y?. jl jjjiall J&Jall j cAj jSxll j 

(Obligate J'^l ^Jc all UjjaSjjli .Aliax^ Ailjia j j-aJt jjlSlI ' ■ uS j" 

(Mycoplasma ^ jJUma. UjiLjSjLi (_>^*j Jia bacterial parasites) 
LjjjdSj Lajjj t(580 kbp) U>-j fj-y*- cs^- genetalium) 

(^ic (Streptomyces coelicolor) jjljlAi^ j^Uji jlJI JLo s^an-a 
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i a£j n Lljii^J (Jjl^lj cJcljall ^Ijjl (j" 0 UJ^" 0 8.6 fj\ (8.6 Mbp) (j* 

.(9.45 Mbp) j^aJI jjj^ ^jjj?. j^ic sic (Myxococcus xanthus) o^lj 
Ljjjj^j 250 t> J£Y (Genome sequence) <_W^ J^uLull ^ jSI 
.Si jsJ| AjLaa. aLj^u ajj^-o CiUiS j (Archaea) L£j j '(Eubacteria) ajLL.. 





CjLuijjjill .lie LjLaj^uj^jjSJl ljLL^ 4jjlLs :2-4 JjiaJI 
(Topology) LS Lui jfl JlAJI j <_u£ Jjl\ *a»aJlj jkL Uj CjbjlaiJI j 














SSKJNA 


3.6 Knt 1 




Mb2 




ssDJNA 


5.4 Knt 1 




<PX1 /4 




dsDNA 


48. 5kbp 1 




Lambda 




USJJ1N J\ 


1/4 KDp 1 










JoU ivDp 1 


d »a *a^ 


Mycoplasma 
genetalium 




dsDNA 


910 Kbp 1 


A <'a \a-v 


Borrelia burgdorferi 




dsDNA 


1.7 Mbp 1 


A <'a \a-v 


Campylobacter jejuni 


2x^ jib 


dsDNA 
dsDNA 


3.2 

Mbp+0.9 2 
Mbp 

4.2 Mbp 1 


d <'a \a-v 
A \a \a^ 


Rhodobacrter 
sphaeroides 

Bacillus subtilis 




dsDNA 


4.6 Mbp 1 


A <'a \a-v 


Escherichia coli 




dsDNA 


8.6 Mbp 1 


A <'a \a-v 


Streptomyces 
coelicolor 
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(i) ND dsDNA 9.45 Mbp 1 



dsDNA 1.6 Mbp 1 

dsDNA 2.8 Mbp 1 

J\ 3.5 
Mbp 5.7 . 

J^l 
18.8 Mbp 
J! 0.2 
2.2 Mbp 
vWl 15 
12.43 

Mbp 



Afyxococcws xanthus 

Methannococcus 
jannaschii 
Archaeoglobus 
fulgidus 



dsDNA 



dsDNA 



Schizosaccharomyces 
pombe 

eukaryote 

cerensiae 

eukaryote 



:bp .Aij^JI ^iJ DNA :SSDNA .%iaJI DNA :dsDNA .lJjj^ jji :ND :(i) 

1000: k . -sii jjK jjj :nt .(jjAo :M .Ajiil jj jc.1 jS ^ jj 

U.jjaj Escherichia. coli jjljaJI ^j££j f jj^ 

^IjC.j!Loj3 5 Ajjj ^^OJ Ijjjj^J ^Ijjl O^C. ^jjjjj-ajj^l] 

(|um) jLajjlu> 1100 (j-iyj i^ljc 5xl0" 15 (^1 (Femtograms) 

4400—! a^Ijj dljLi J^j (4.6 Mbp) ajs ajSIjjII jSII 
La (Single set of gene) ciiUiaJ qa 1^.1 j UaLL ^ jju j^jjSII J-a^j -ujjjjj 
.(Ribosomal ^j^jjjI jll RNA— 11 ^tjjj o& Aijj^l CjIjjjJI Ijc. 

0JA»1a]I lilt \f*'.'.'^J /(jjjjjjl] OjLa! 

lU^j DNA ,> %90 J ^RNA) 
fJijj Ijjj J Lai ^ AjalJI %10— II U '(Polypeptide) 
.(Structural function) JaSa ajKia ^jSS J J '<jH^ 

(_pa*j]| IgjJaa j A " a^J a A£ji»ia t—ijUaj (j 4 - ■Aj^g^ju^all I " ll La II (jj£j (jljJ».VI 
(jjj JjJI (j 4 " A-ljj),uL.a]l Sjiuill ^.IjJJ Laj3 . s jjj jajjill ^^Ic. Ai.lj [jl£-a ^ 

aJ^sJI Jjuiaaj j> ^c. jJU tDNA —II (^-^ t> (Strand) aJ ,^3^ ^ 
eifijjj .(Replication) < «&1 ■ '-'^ <jla& aj3 *3j c^ill oUjVI <_>uajj <^iJI 

tffA J jVI .Ai^ll (j^jli (_J^jkJiJ (jiiiuillLaj (jiLaiala (jjJjlaC- (j^i "'J 7- il J-Uajlt 

(RNA jl jj RNA J RNA s>aL ^jjl 5_kJ jj DNA— SI ^-u A^Lac. 
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^cjoij JMk (> (mRNA) Jjjjjj RNA fjj&l liA ^jjjj polymerase) 

(_>iilaj il jjjiSjII Ajujjojj fljqiuio jjc. RNA SI Cjlli^a- -DNA SI (y* 

' L^aj JkaS »pU! CjS jll jA ^>a*JI I kjL«aj) 4 (jjUa-Jlj (Half life) J-utSI ■ flj^aj 

J^jll RNA SI ^cjoij <Aac pUjI CjLoj-ujjjjI j]I j»j23j Iaa .(RNA SI <ao£ 

Ajjjj (_paLa^.l a Ajjj jjj ■ " ll ;<j a (jc o jLic. CjLojjoijjjI^SI) 

4mRNA_SI (jlc. sj^o £al ^ ^L^iSVlj (Nucleoprotein complexes 
^jL ^ t(Ribosome binding sites) pj^j^Jft .LUG J 

^jV>1 *-vVI ^2>« Almlm o^_j^.j-aSI a^Daa!! dlLa_jl*-a]l <a^j2j a jjui_jJjI ^}S! 

b^UJI ^jS-ojj ^ j .Linear polypeptide *A*l S-i-iaia cj|.iLuj ^ t^m-Vl 

^joij CjIa^j (J^xij -U'i/. DNA SI (jli ' jja SI Jjjjull ftjJaju (j-a Ajjii^JI 

^ s.ia.lj J£ t(Operons) cjUjjjJ J (Transcriptional units) 
jjbij Jalaj ^^ic ^Control sequences) 4_^>U. aUL^ cS%A^i 

. 1 .4 (JSjuill ^gi La£ t<La^.jj]l j ^joull ClULaC. L_a3jJ j AjIaJ 



^ RNA polymerase u \ \- i h>\ 

' ■— *~ — *1 >. 

flft Repressor j^. Transcription 

binding site MhjI^j. tcimiiutor 

Promoter 



DNA 



Gene A ) = | Gene B GeneC 



1 



TRANSCRIPTION 



binding site 



mRNA 



TRANSLATION 



Polypeptide A Polypeptide B Polypeptide C 

* SUrtcodon J«!IV->.i>i '^w* 1 * W«*M E ^r«ljr 
x Stop cod on _ti ^ j j„ 

■ Ribosomc binding site ^jj J ^ _ p 



JLuail £*it>« .IjjjjS^I <ji (operon) djjjjVI iiiUjia ^bl ^jjj Jii :1.4 Jiil) 
j^oill \\A*c fljjj! (frequency) jjjj ^ LjUI j Jauli»JI 

iJajjilj f-liLVI SjiJi l4j»21I 4jli»l (> j»c jlLj .(transcription initiation) 

. J>y. jS RNA-ll 
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(Bidirectional ofAl^L; E. coli —SI Ljjj^j ? jj£ cicLiaij 
oriC J (Origin of replication) ^cLiajJI c jj ^ ^ l£lkjl mode) 
III fij DNA ojaL sujjl JLutloiU lillj j terC <S^?JI i_sjL Ajl^j j 

37°C 'ijl^p. (_ySft ' SC.I i adil Acjjai (jj .(2.4 J^-^SI _>Sajl) ^ ' ' '" d^»-^ 

^jjuij-o jj^SI J-al£ Aid i '-- " AjIac. (jl (_gl .AjjUill ^ o^c-la 800 Jlj^- ^Sfj 

(Binary ijj^A ^LafljU ^ jSj E.coli SI Ljjjj^j jl Wj 40 

liSJij 3 ajxa <jjI i& ; Lua ciili jl j-a j3jj ajc ajL£j ujj-^ l£ fission) 

.(2.4 J^SI jlai!) da c-ktL-^l Jl 




Ijjj .(bidirectional) OjaI-sjIj E. coli —II LjjjjSj (»>->»jjS SicLia :2.4 cJ^I 
LiUJI (i) .terC (JajSlI ALU .lie. ^g"'' ^ oriC J^UaWI ALii jjc. 4i&Liafl 
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Je s^lj (replication fork) <UeL2r»li 4_uui dLiA 60 AicL^I c&j) JaJI 

jj>uJI j^jil LilaJI (<_j) .DNA SI ^uin" £*Zaj* ij\ tj»j«j^jjill iyt Js 

*l$lil JjS JLjJtiJI (replication round) AieLiJI » jjj Ijjj (42Ai 20 AieLSaaJI CjSj) 
replication ) 5ieL2alli 4jx*i <> ji&i aj«^«jj£ll <> 44a. js J& £la t*Iiil t JjVl 

.DNA— II ^aluaj j-wia>» (> jiisl (|l '(fork 

Mechanisms of gene transfer c^LuaJt Jij cjMjiKjrt 2.2.4 

^ic. Jj A^jjIj £^JJ I JJj" 1 ^ all ' " 'I ° ■ <JjJ -J^" <Lui.liA Jc- 'ij^all jl 

UBtaJ J^V ^ iB Fred Griffith "^jij> J J ^ j^h '1928 

Lij jjj (J^j£jjjj!1ui UjjSjj CjI jaxjjjia! ( f. LmLa jl 4 '< !*■»») 4-i^)Alla3l dllL oil J 

s^.j]| ^ «.LuL»]l cjli Lijii^jll j .(Streptococcus pneumoniae) 

(Phenotypes) ajjaIM CjLL^II J c_£>likYI j . jljjsll J L-bj^ t_4ui jl! 

(jS^iSj a &i o AjjSjji jl jx ciaaS » LmLall Ijjjj^jII J a! JjmjS -ij^J Jl 

(jiuu (jl aAA pLmLall Lijjj£j1I ^jlaltuja AcLLall jig-?. (J*^ Aj ujl ■>* jps L)jJd£jil 
jx £Cjj^J jlill j£^ (jl I i iaj "CjjSjjE." Jaa.V .(_paj-all <U L_nja2j jl JJ^JI (J^-^ 

Uutt« i •• ibS 5_ac.Lj Ljjii^j (Non encapsulated jj^j) Ljjj£j]I 

a a (_JjAxj L-liuiiij pLuiLa Ujjd^j JJ AiiiiJI Ljjj^JI (J (_£Ajj 6 jl^aJL 

4jjIia£]| J jA j ^ ( 1 944 3-iui) Uslx. j^ic <*j jL tSUj a*j . jl jjaJI J 

j-a tSlJj j 'DNA II J ljj/'<;ll £ jill li* J J jalll SjAUi jc AJ jJjjiaII 

1953 Aiui J j.1 jcl Ajuouj tSlIj a*jj .McCarty j Macleod j Avery Jja 
(Watson & "4j>"j " jj-^lj" df? o- ^jK Ja M DNA—SI UiLiaSI 
tsjil Ljji&j <i» <■ Jx?. J DNA— 31 Jliijl ^jj Jll AjSjjl£jJI jl .Crick) 
Lijii^j Jjja^ Jl Ajioij (Transformation) jjja^ll j Jjj^Ij Jjj V 

aJ jalLall J DNA 51 I " iSlj jll LiiLiJI t _ s -aj^J "' " "°J J^ " '-HjW-^ J ^ 

J DNA— II Jliijl JDLi. Jljjil Jjj=^I -(Transformant) 
tAzotobacter j^ij Ljjjj^I j^ Saj^c (Bacterial genera) (juljaJ 
^Mycobacterium 'Haemophilus 'Clostridium 'Compylobacter 'Bacillus 
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lilliA ^^^l ^ -Streptomycesj Streptococcus ^Neisseria 

l^LjaJj (jS-a^ll (j* <j£Sj ijjj^all ) jj Vi qa (_>uj1 sjjj^ (Strains) CjV^Lu: 

(J&a. 1 g ■ <aJ jl AjjLiajS jl jaj 1 glia Slx^a .Ixj ^jliJI (J^o DNA (Jjsiiuij Ifrk-a-j 

.(5.4.4 SjSal! jtjl) ^Lj^ 

4 (Transduction) £}f"SI 4_kJ _&j Jjj^' J cJaill :L»a j LijjjSJI CjVX^ jjj 
AjkJI t> DNA (JSj j$i ^miJI ikJ JL5I U .(Conjugation) jljpaVI j 

jjjjajJ'j "j^jj" t> JS ^15 jSj ^Lj" \Uu»f\ j (Bacteriophage) 

i_j jUj J!>U. j> <Aa*]| oIa ajajjj 1952 fit ,^5 (Lederbergj Zinder) 
etui <j| I jj^j ^aa .P22 ^iL> J Lutlui Uj (Salmonella) ^tu Ljjjj^j 

^gjDI CjUj ja. tAjLx^l 2jU\l i .j, jjjall DNA SI IjcVjJaA a!z.ja 

Lijiilill DNA t> <s i-ijliis (Virions) "oau^" (jr 4 ^ ^ Sj^JI 
(Transducing Uj£> W*4- <_>"jj^ ^ -^s^SI DNA cf- L^jc- 

DNA ^Saj <>al >aVI (^Ifr s jjSJL hq-^jj t Jaill 4_kJ j ^1 particles) 

Jlkj Jaj^ 1 4^ DNA—11 A^iJi j| . (Host cell) <LSiJJ 

.(Transductant) 

L»S (Conjugation) jljiaYI djUjaJI Jail AjJIjJI ajSjjISjJI U 
Lederberg) "^i^" j t> 1946 l^iLi&l ^ ^1 (UjSj 

j| ja ls 1c (jljjaVI >i<u*j ■lSJ 3 *' j Ijj^W- 0 VLk-ajl /g i aSSij t^Tatunij 

iLaj!lj ^^dx^j (Extrachromosomal) ^j-jjSII (je ^j^- ^jj'jj 
(Jii-a (JjjI^ dsDNA t> ajjUj aL^. ^& j .(Plasmids) 

(jc. JaLu-a JSjij ■ ac.1 ■ bill ^gle Sj^all ^j-oj!iLllj tCovalent AjA&Luij Jajljjj 

jA Alxij^lJI .LjLja.1 1 <^ 111 ^LaalVI 4jjl£-oJ (j-a t4iliia-a]l Ajla SI a jjoj j-ojj^ 
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ojj!i£ (j^ajL^ai. <Lua St ( _ £r Sc- '-""'J t^lc- (J^joU Ijjjj^jII CjV^Lui dlljj-tui (j -0 
4jjj^J| i " il .1 , a aJ 4-ajlLa]| t ** i\ q » Lsiiaj iAjjjjjJa JJC. I g j£3j <C._jHa j 

tCjUi] jjL t^u.nll j i(Toxin) <Au> Aj* jrLulj 'Antibiotic resistance 
jjjlSJI X-a (aromatic) 4jj1«JI i >aJI j ujjjS jjAJfrM CjL£j^ JjLsj j 
t (Salicylate) c^LuajlLJ j < (Naphthalene) (jJliiaUllj (Camphor) 

(_Pa*J tiSLlA .kbp 150 1 jJJ .lLaj£Llll ^jljijj .4jj^aaJ j 

150 kb (^ic Is «■>■>. iijj ^1 (Mega-plasmids) 4£La*JI Cjl^LaJ^JI 
— M j lAgrobacterium — SI A«i\'^« Lji&j u-° 
%4 1 o- 8 ^aj^-JI J^Aj -Streptomyces — Slj iPseudomonas 
Jj^j a jjU CjVU. j c(Host Genotype) -LuisJ i 'ij.^^SI a^ja, ^> 

4jj,^-j>\| ^ji^aj E. coli SI Ljjjj^j <J F -ij-aj^-j uj -20% a^uSI 

.(Conjugative plasmid) jl JiaVI ^^-a^ tdSil t A jj - a J I aA±1\ 

Jl 4jaIjSI ajLlSI _> DNA— SI Jlilil <Aac. Lji&JI <JJ& <s ' °J 

La I ji-i j cll^j^lJI Jjfliall DNA SI <jLua.VI jJaa « ,J J <S U' ■ All 

2 aJLttH 2_jf_/| U,| .2ja| jl| AjlaJI i - jjj^ jjill DNA t> <*iaii jj^J 

La ((jljliaVI ij-aj!)Li (_g.Sc- oJ_ji._4-a ajjIj^SI Lp^i^ tALuujouJI CjIjjVIj (_iaili 

(jj .a jjj j^i JJ^SI ^^gJc Aj^Sjoi .la.jJ c5^SI <— icL-iaill (jc. (Jjj),i.naSI ^J^^' 

<SoaJI Lai (Jaill 2^LaC J^Lk o^lj Slla. |j> jjSj La LSlc JjalaSI DNA— SI 

* it 

Jlilil jAjjj . JUij^l AjJ-aC ^Lajj ^3U SJjaluLaSI ^ ojl& ^li aJ Ljjli Aia£^iSI 

(j£S j iljj^a. j!i£VI _aA .lLaj!>ljll Jliiil (jl Jaa.!)Ll LailJ a jjj j-a JJ^SI t> CjLuaJI 
(_L^aJ Jlc JJjJij j» _4j-u_a-a JJ^SI (j-a ■ " )1 JJa Jaj ^ ^oLuij ^3 CjlAlajiLiSI > j'-'» j 
Ljjii^j _j<a ^jjJI I^A t _ s -ajaUj i(il^JpUSI Jlajjl AjLaC. ^JjJ (_>uiil 1 A-a43 ^1 

. High frequency— S IjL^ikl Hfr_ j ^UJI j^jiSI co// 

tjjljjSVI <3JjiaJ JISS3VI ojjlaJI e jjj . ^»SI till iLa j^LlSI QA Jl^cl <-aJ 

a^Aj .4jjjL<aaJI Aillaj (jc j^u-aSI o^LoiS! Lpl^J (_J-aa>J V Ljjl (j-a ^C-^>SI ^^g^C- 
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Jiiui tMobilisable plasmids A£jaJ»3l Cjl-i^j^LJ! CjliLaj^l 

cjLiLi.j (OriT J Origin of transfer) Jii£U ^ CjIaloJ^JI 
tjc a1 j^uiJI CjliijjjJI jiii ^ill (mob J mobilization genes) ^j^l 

cjia. ^ Ajla t DNA_ SI Sj_*S£ J ^Luujl 4jLc JMk. (Cloning vector) 
^iajjaK jjc. (J^jou ^jjuiixJI (jjiaJI jLiijl (_£.ili!iS ^ jlji^l jjjjiiS mob * " il ''j^ 

.4jtn]aSI ^ 4jjjJI Aj^JI CjUj1£1I ^1 Alk 

J&Vl Aljjiall (Conjugation) jlj^lj JliiiVI jj£ ;> ^ jJb 

Lj y£iLA\ (jJJ 1 i <ajl j ttllLljiaall j Ijjjj^jII (jJJ JliiiVI (jl *^l ' Ll VlJ^jll (j;lJ IcjJjui 

(Agrobacterium LjjiiSjjjc.1 <S!>Lu <j] dip. .Ali&jjj 4iL£i£l aj jii cAjtnll j 
(200 kb t> JSI aJjL) AbojX (jk. ^ ^1 tumefaciens) 
(^k. sj^a Jj-a>lJI lift ^llL<u t(Ti plasmid) ^s-^ IjU^I j <^ jjll u^j^ 
Jljkll t (kbp 30 J\ 20 c> a!>) T-DNA ^iSL? 4 <dljJ 

JliliVI I^A j»JJj .oljill ^ Ajjliill AikJI f» £-^l <J^'-^ t-ua AjpUjll 

^1 (Vir. genes) I (Virulence genes) k^jsL a^aL^ 

(Bacterial <jl jjsVI pUaj jc. <S j^^all Ljjjj^jII £-« AjLiij 

bjiilill j> Ti ^Xaj £jj>laj ^3 jSJ .conjugative system) 

<Sa*aSI CiUliill) cjtjUill LS 1& Sjj^?. CilL^a JIaJ <-a^j Agrobacter 
Jj^ill jiul) ol jisJI j cjliSU cjLnll \a ^Transgenic plants liil jj 

. ((jjjjixJIj ciilliiSI 

Ajjja SI 4_laj^)iJI jajjjjJ fUatjllajl i_uJLjjVIj tjjj^JI (Jii (JjjJa CIloALoi -lai 
dl-lli. j Ac jV'ull ' " it ila SI i_sjjjj 4jaj_)iJI i "'"'J.'j tljjii^JI (j-o Aalli-o ^1 _ajV 
(^jll tA^ljjll JajljiJI ^jjj] AAiJjKJI JjLujJI s*lii (jjl 1 g nj <JJJjaiJI ClliluuJI 
J alt Clla-i a9 tUjii^JI ^l_jjl (j-a Jj^a-o J^C ^ jjji j^iLa J^uiJ l& jJ_alaJ 
lillj ^cjjj j . i ^iiaJI j_m"i\l -J^**'' 1 j iajj «a AjLaC. j jJ^JI AjKj^S ^ ■ aiu (JjlalS 
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AjJJaJI CjUlalll l_jVLftT_u.nl £_i l___l 0-J.li. Q __t i J^-J Cl^^Lui $.Lij ^j^I-ll 

.AjjIjjII A__jjig_l 

?l^Uu__l __Vla-» jA Uj cAjjIjjJ! k___$_l ^ U 34 
What is Genetic Engineering and What Is It Used For? 

<_jj__J ~if--Ll (jl t ___i_L(_l (jj-SI L>° ' "'^ '"^ ' '' a-lo ^ c-LaI*!! £-jJ J-l 

Ajlaj) Ajjl jjll A__.%3I CjIjjI j JjL_ j A K.J jj L_L<_a Aj i-JC^Ul! j DNA II 

J_i . J-aJJ Ol*3jj]l tilli CllljJ I t (i_) J-jL-il DNA 1! 

_jL_ljj _>~ -jLu- jal ■LjljP '°J^^ AcjjoiJ i_Jj_jlaJj Ajlaill lillj dlUjij 

AjI j_jll jJc-j AjjJaJI g.LldjSll t<Li.|j!Lo j A_laj| j!La 4jolr. CllVLi-a ^ Aj.miLi.uI 

Ajjj^ai. CjLojjjl ' al ujjSI ^1*11 I JgJ ^JjLLall ^a! (j-oj ""S^ 0 _£_>?-^ i'Kl' 

jjjji" (> Ujii^jll jjc (modification) jjjijll t-iLajji j (Restriction) 
DNA— II s jjla t-jLu jjl ja j t Werner Arber " jjJ 

(jji m jLjK jjj jjjl ^Ij CiLujjVI oja .(Target sites) " ; 

(Restriction ^Lajjjt \Uu*f\ J (Restriction endonucleases) 

<>i DNA— SI Jjkj j jjj^j ^L«jjjVI tilli cJiiuil jal j .enzymes) 

JJj^jl CjLjlsjll (j* JJC JJ _olaJ ^J tAjLjJal jilall AjIjjII lillj J*J A alia a jjL^m 

cjULai j*j A^aU. AjlUi J&l j jjI Jli RNA— llj DNA— II J;^'j 
(JjaLyLuil ^LlAl^ll fclii ajllj (DNA sequencing) DNA — II aX-L. Jl« aj^LJ 
s J&Laj j t(Oligonucleotide) jjj jj^jjj j*^J '* jj^ jjLjjjKjjj 
tAjiajll Sjjill (juij ^ .(polymerase chain reaction) PCR— II l UL^lJ 

AjjLldjS II j! j-all j^yi OJJJ^ CjLiaS j3jJ Ajlslll lillj (_Ljg i j J.jiaJ (c^ ^»aLuj 

(jjiL/La jjLijj A-ajaj ^jcljj^a ^ jiuio ^^Ic. cj|ja-all j (Reagent) <— aJol J^llj 

.CjIjVjjII 



154 




>— DNA 

Paswnuer UNA 



& DN A DlgeMion of pavwnjjcr UY\ 

jLIlj^jjjjl ^.fan.'jj "ilh a restriction 
) la'ii'' lAKj^ iij* endonuelcaw Ihiit generate. 

overhangs 



Linearisation of u*ctor DN \ 
nith the sanif restriction en do nuclease 
used (o digest the passenger DN \ 



DN A ft- J*Li 

Recombinant vector 
with cloned passenger UNA 



j (vector) JaLi JL«IuAj AjjIj^I ^JuJi\ ^Lj klaala -.3-4 JtiJI 

.(passenger) ji DNA 

DNA—SI Jjkj (Jj t_j jJiLlI DNA— SI ^jlSi ^ j-sa ASJ 
(^11 / JtSlL ^ij iJaaa 

(3.4 <inJ) fctfsll 

ilia ttjui La£ ^(jjjJiaJI j ^^LaJI J' asll ^>lajl) (J^ (j-o I iS^J^ 

.(Bioactive) tj jj^. JaLij Cil jj UK Sjj^a. jl <Sa*1 CiL£j-a ^UjU I ■ ai 

. Jjjj (j* AjtiiL]! ^ .la.1 jJJ V ClLK^a 

^il jjJI iyu^S! <ji Ao^Lu-VI £l jAl j J^L- jJ! 4.4 
Basic tools of genetic engineering 

DNA SI cAjjj^ (3*^»S j ^Jaa j ^(jdO^L^lml) Jjc. cAjtaj (jj 

4 i n Vi^ II Sjlij Igjlfc '"'„'''.' ^iSI i_>uuVI ■ " iSS 1 1 111 jlla luiSt AjIaj UsjjjJaJ 
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(Aj (Vector) Jab U*^a j JSU. <> Ijji&j W^Mj gr 5 - u 3 ^ t> 

.AjIc. ail a _;j ■ " lAj i - ua lajjSSjll 

^jjill (ji^aJI Jjcj (j^lilyul 1.4.4 
Isolation and purification of nucleic acids 

cjlstaj jLuc-VI <>> (in vitro) jrWO^ ^ V'-'r^ JLslSjU V 

LpLaJI (j-o (_£j_ji]l (j^aa il 4_iaj j 0 JJJ^ ^J- 4 ^ (^c- Jj L aai) Ajjj^JI f U 
Jj^laj L£il^JI jj ■ AjLaC iSjJ^ (J^aaJI J^)*^ ejJaaJlj .4.1^ jj_)aJI 

(_paLaa.VI ;j a 1 iaJJ (.5^1 (_g^ala all ^IjaJ ' fl-lg-j lilli j 4<;Uujjl jl 4jfLjjl£.l<a 

llllj 4jJ_jj (_>iaLaa.l Jj^aaj .laa-all illl J.I1A jjj£]l j (jjJj^Jl£ tAjlaJl 

(_paLaa.VI (j^alajjoij . <_Jax]Ij (_£j_ji]l (jiaAaJI jj_jaj illLaJ_^jV ^ a 1 in <iuilixs 0 jlij 
(_g j£j-al) J^jlall j^-a. J-ojoU Ajiij till jUa o^C 4 U, J jj ^-aaj j 4jjjj]| 

(JjL^jIV! ^ t>j '(Electrophoresis) ^Lj^l J^U. jll j ^Centrifuge) 
J t (Insoluble) uLyiil jjc- (Inert) J-b. ^Jc (Adsorption) 
.(Non-aqueous solvents) ^La jj& <-iji« m^jj ^Lae 

Cutting DNA Molecules DNA oLL> ^ 2.4.4 

(_J^a.j ^gjljJic. (J^b jl a^-ia-a £jJal j-a ^ DNA SI £-laiS Ajjl^j (J£jij 

DNA— II ^JaS (ji-Jj .<— J _a^Lail DNA— II CjLjlij (_> Al^J] CjIjjjjJJI 
JJC. (JSjij ^JJ .gfLul^-ball ^Jaall AjLaC .Aj^jjl^La Al^jlaJ jl lllLaJ_)jl 4 Samt 
.lie Ig-ia ^ «**'■ "J ^Ijjjjc (Jjla till j DNA II (j-a 4 alia a I * Ua ^sjijj J Jia-a 

.5.4.4 s jaall oj^j j L£ (Genomic libraries) CjUiLa jj.^Vt 

jjaj 4_ua_a ^ » Ua J jc i '» i all ^ j ■ aj AjSjjl£^ait ii^UJI s ^ JLajtl^jl Jiic 
4j«Jaa Jj& (j£aJ t^jjiSsJI ^jlcj .(OperOn) jjJJjl jl ^^a-a illjjx ^^ic 
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ajjj^J! CjUu jjVb DNA—JI ^Lii ^& t_j jlkttll djjjJI sj^o DNA 
tilS ^gk. s^^a £31^ lia-a XuiLu ^JaSj ^1 (Restriction enzymes) 
DNA— 11 csjaall j j-alt ^iaaj ajj,^^\I cjUjjjSfl uj -dsDNA ^> j/iUi->H 
yjajL j-ljjj J) ^iaall ^.yjj t(Phosphodiester) ji^V' yH 1 -" J**' j*j 

<j* dllla £jiiaJ Jj&J (_>a^ Vlml jSl .5 PO4 J 3 OH LaAj <J£l 

lillj 1 LI) ^jj ,4_LajJ^aJI CllLijlill ^_ya AsHil^ja ^\ jj\ (j^i ^JJ' ^" II CjLaJ^)jV 
^jjll S4illa a ^JJJ^ ** J «jS aSl . ^ Cllli £^ljjl **JJ L 00 H dlLaj_jjVl 

.^Luljjll <ui.%ll JU^a VLmlml (type II) /Jtill 



5 j GAATTC 1 3' 5'[G] 3' 



5' AATTC 3 



3 \ CTTAAG | 5' 3 j CTTAA 



5' 



3' G 5' 



5' ,j*[m,\aja\*i±» i yjjiji jifrJJ-i?DNA c^EcoRI ^jf 



5' 
3' 



CTGCAG 



3' 5' 



CTGCA 



3' 



5fG~l3' 



GACGTC 5' 3G5' 



3' ACGTC 5 



3' ifra. j-LSUlijla USi. J..UI* jjft JiJu DNA Pstl 



3 1 CTATAG 



3' 51GAT 


3' 5' 


5' 3' 




5' 3' 



(blunt) ^ &J> l^i" Ji-ij DNA EcoRV ^>^» 



.(blunt) 4jjU jjc. jS (overhangs) SjjU ^jli js 5' j 3' jiaS 

Ijjjjlfljj (jjiLaj-aJA UjJJ^J ^j-o ealklm all ^jjj^l !>l!La3 .l^-J-a a1_)&j 

Bacillus cji j . ^ir . ^ J j j*-all tilli j Hin Haemophilus influenza 
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qa ^jjj] ^ jj t> J&> Jj^ ••• 'Bam ^.sj amyloligrefaciens 

Haemophilus cjUjjil ^aj Hindlllj Hindll Hindi JliJI 

. .ijoa^lj Rd ^ j influenza 

djLajjjVl (> yH^' (Restriction site ^LSIS (jj^sJ ^SjaJI) 

0-4 rljjl 6 j 4 on '-'^^ f^ 1 *- 0 j* (type II) ajjj^JI 

^Ijjl 4jjaij (_jl) CjIjjjjjIS jjjll (j^ 1 j"'J yj' SI ^3 j-all (J_aia 1 . '* b --S&I _jail 

jj^j] tjjj tDNA SI ajL ajjSjl SijUull j t(AT j GC -sc. I jaSI 

Ljjljjiic. (jj^a DNA t.(_$j*. (_3 tJUlaSI JjIIjuj ( _ s J& ."^JakSI -S-Sjj" jl ^JaSSI 

J «j^t (jj£jjjo <i(_5_^. I.s£a ,_s ij^jj^l Aj-SjjjjKjjj -Scljall (j-o -S-SjjJI (j^ajjj 

(iSJj j t(4 4 ) c^l bp 256 l£ <^ Jfrl jS AjuJ <j-a (jjat-a J^AuU -Sji-jl -Sa.1 j 

0- S_ai. j JLali.1 (jjfLlui3 -Scl jS 4jjoj (j-a jJ.ijiL.iU jjc 1 lla ; Ijl LajjJ . ^»lc J-S»-a£ 

.(4 6 ) bp 4096 <_£ s^Ij Sj- ( Jj~Hj) 

jcl ^(jiiSiaJI (^k. Aiijjall (_>uijj IjSj (j^j^ J jo i Lm jSI) Palindromic liLjj-sjJli 
^ .(4.4 JLill) DNA— SI <J jiiSj^JI SjK ^ \ J& <tuij JJmMI <jt 

1- ya- (Overhang) ajjU J (Blunt) ajjU jjc i_sl jLl ^l^jjj ^>-*aJ jxJI 
.(4.4 JLill) 1S±J> aj-sU (Cohesive) jL-sDU aLASSI ^\ jiaSI ui Jul 

.Ajjj-^aaJI LjJtJaS £Jt\ j-aj (JLaaluiVI AjuLiSI CjLajjjVI (j^i Ij^fc 3.4 (Jj-SaJI 

Joining DNA fragments DNA —SI jiaia 3.4.4 

'(Cohesive) jl»SI j ajjUSI cjljl^ill cA'i DNA ^4 
'(In vitro) jrl^jSI - J ^j:^ « AjLa*JI si* ^2 .(Blunt) ajjUJI jjc. tSSlj I ■ ajlj 
(JjjSj jxjjjVl Ija .(DNA ligase) DNA— SI (>^J ^ji sjcL^ tilSij 
j^ic. 3 'OH Ac j^a jjj (Phosphodiester) jiuyVI ^jUj CjliuijaSI aJ^jIj 
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Jjj-aS j»J jjl (J*«^mjJ .AjjljSI AjAaJI l_Sjla 5 PO4 ^ r J"? " J J J' <— 

^JL*, J£ij (T 4 phage) T4 csjjjSjSI t> £ jVu.m11 (ligase) DNA— 5! 

jxjjji ^lisj .(Blunt and cohesive ends) ajjUSI jjc- j ajjUSI clA^iSI l y^Sl 
t J**j ^Sl ATP—SI ja (Co-factor) j&L- J*U] T4 DNA—SI 3— 1 
(Enzyme- j ^liiY AMP— SI -daU J JiLk pdjjVl UjiVn 
5'P0 4 j 3 'OH < — at jLVb U^u cs^ 1 AMP intermediary complex) 
dliuajiJI j> (Covalent) ^-aAL-j Jajlj t DNA_ SI ^ 

.(5.4) JiiS ^4 US (Phosphodiester) ji^YI ^51* 

(restriction endonucleases) 4j>aaJI CiLuj&l <ji*j :34 Jj^aJl 

•ti j'^i^SI ^SjaJI Ji.h1i.iu iJfcHil *LiSH«l (jlz Jjj (jjljSi Jib 4&yJaj*l\ 
.((jj^JI jluuJI t>) 3' <^5] 5' aLaJb Sl*lj ^L-iaJ Jwluull 4jU£ Cmj 

,»^uJI <L&Ijlj jJaiSI 4ikj ^jj joJii 



/JJAO*l\ £2>aJI jAuSaII ^jjW 

„ . „„„ . „ Bacillus Amyloliquifaciens „ TTT 

GATCC |G ^ j 1 j BamHI 

AATTC |G Escherichia coli RY 13 EcoRI 

CC(T/A)GGJ Escherichia coli R245 EcoRII 

GGJ,CC Haemophilus egyptius Haelll 

AjAGCTT Haemophilus influenza Rd Hindlll 

GGTACJ,C Klebsiella pneumoniae Kpnl 

GCJ,GGCCGC Nocardia otitidis-caviarum NotI 

CTGCA^G Piovidencia Stuartii PstI 

4- GATC Staphylococcus aureus 3 A Sau3A 

CCCjGGG Serratia marcescens Smal 
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ja. j (Passenger) a3 jiull DNA— II AjJaa six. &*e3 ajLc J^JSj 
DNA cjli.> ex* j»^VI JL^aJ j9j -(3.4 Jiilt) (Vector) JUtf 

JjiUul (jj-ijj (j '""* j ^ 3 1 -**'*' .' cJ^-^ 1 * il '1 (jjj ^la«j3l (jjAj) J jiLallj (JaLiU 

J ja (<Uj£]| V) J j-all jLucI ^ii (A_uij t _ ? ]c Jalil! «.<_$ j^J! 

ClLjl |jj J1 ala.VI lillj £2j LjaJ (j£*Jj . J jilall ,> J_j< 10 ^] ^ J 

i (linearised aJ^A\ a%* ^) JaUll DNA— 33 5' ^ijla <> CjU^jsII 

J ja^JI *l*J <_> ^■'jVu/J (Phosphatase) CjLLu js3I ( «Jaa ^ ji a-ic-L^ c*33i j 

(cAjJ y^ll) Cjliu: jill Ac j-aa^i (J Uu .(calf intestinal phosphatase J CIP) 

(JSLill "'jl g *' Jjj-a] o-llcl JjaluU < ax A\ I ■ ja» ' JSUI! ^jla ^LaJilV AjjjjjJa 

(jli ajIc j .(Recircularisation) csjjUI aKJ; ^1 ax.U.Jj o^**^ 1 L^jJ a « j ^ 
cAx* J jaiall DNA— 1! j»Ul3l A^ja (jx jjJj Jalill DNA— II t> Cj ^- U J^' ^ J 

j j<J i ii t5' ClliuijS Ax. j-aa-o t^3laJ Jljj V J^VI (jV c*33j 
A_Aa*J! siA gili ol3l Aj1ax3 ^jjjjJall Cjliuijall j li a o JjSlall DNA SI 

cjjaiall DNA— 31 I^js pjj 'AjjjI-^j AI.12J ajjI^ J3U3I DNA— 31 Cy* ^Ijjj?- 

^iL-al ^ aWs'iua ^Luujl AjJi. ^1 4 (Transformation) Jjj=^ 

. "I jjj >?-sll 



5" end J'end 




5'end 3'ead S'ewl J'end 

.OH OH 




Ligax-AMP lq*e 






T4DNA 




OH 

J' end 5" end 


ligasc 

0 


1 OH 

3' aid J' end Y end F end 



.T4 csjjjSj <> (DNA ligase) DNA_1! j^V g^>*»S) LIA^I :5-4 Jiill 

^Jc 5'P0 4 j 3'OH >! (covalent) ^Luu )aj|j fLiib fi ]fi\ 4 DNA_1I 

•5^1 
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T4 DNA ) T4 <> DNA— 11 ^ ^ji sjcL^ ^^111 Jctti u) 
2 (>« ^Ljjia VjS j ^jiiuijj (%60 ^1 Lu^ j^a-o AjlUi ji (ligase 

AjjU jjc. <L^a] ij-all DNA SI L-sljLl La-ljc ^aU. lAcL 12 (_^J 

cjblSj JUJ ^ Sjj^VI cjl jiuJI ^ .(blunt) 

. alll 

(Topoisomerase I) I jjlj-jjjjjj ^jjl flikU ^Ua < JliiJ Jjj^ 

j jJaa ^jjl jj^j ^jL ^ill ifVaccinia virus) 1 /n . ^ lill l> £ jalm^ l 

t _ 5 ic AjtJjIal! ^ ^jJpVI I^A (J- 4 *^ -(6.4 (J^-^H) tllSjll L>"^ Jj- 1 -^ f^>^J w J' 

c(Supercoiling) (>a*jll <uiaxj ^ DNA— II tJUill j 5j jLJI j> jjj^ 

ia.la.lj aLa^. £-la2j 5 (C/T)CCTT3 ^ > nl n-\ \\ (Jjoiluiill JJJ-aJ ^^Ic 4jj.lL; jj^JJj 

.sjjl jll ClUlijlYI (j-a j ala^H 3 DNA 11 ^-<u..u La ojJillA JjoiLujII loA A*J iaSS 

(JjjjijjAj jkixjk Jajl j (JJjSj ^ a jiA ^Jaall AjLaC j^i is jjaiall AiUall 

(Tyr) (jjxu jjjIj (_>^4aJI (jjj (Covalent) ^-^L^ (Phosphotyrosyl) 

.^Lill t> ^Ull 3T0 4 DNA-ll ^ jLj ^jftl <LL ^ 274 J 

Jajlj 4-<La.lg.<i JiLa. j^s (Jclidll (_>u^*J 5 OH ja.VI AliaJ ijjL ^jLj ^aJ 

.AjIIc. sc-liS Jj^al Jc-^J lS^jI ^° (J^-ill DNA ( _ r lc JjjoijjjIj jiu: j3 

(Vaccinia I Jyl j-«j Jyl jjjj lii"£la ^ jjV LjjW^ j* ^'V"> <illi& 
JsUll DNA— 11 3' ^jia j^luu IliIjj X^ia topoisomerase I) 
JLa*iuil He 95% (3^111 A^aJ ^ jiLall li& o<ila£ ^iii j t(linear) <_ s -laiJI 
jjjjjjjVI cya <jjU <_aljLI PCR ^iio J <jjLj jjc. (-jljLI DNA 
o^l jail aj^a ^ajaj cjLujjl J^c. a^jIj) 3' <^ ^ (Adenosine) 
.(" jl jxJ DNA ^12" Taq DNA— II Sj4? ^jjl Ji* ^j^.^B 
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0) 



[ Ty 1 Topoisomerase I 

1 

-CCCTTAAGGG- 
-GGGAAT TCCC- 



Topoisomerase I 



M 



H-o^~|] 



-C C C T T 
-GGGAA 



AAGGG- 
TTCCC- 



(e) 



-CCCTTl 
-GGGAA* 



{J) -CCCTT| 

-gggaaI 



PCR product 



AAGGG- 
T T CCC- 



PCR product 



IAAGGG- 

Ittccc- 



LLil ^ jSj Vaccinia virus Ul^uiSUll q^jj^ ' j^j^jj^jij^ '■ 6.4 <Ji*iJI 

DNA ) DNA II xlaS £luuj| JiU <UUxU £ji4j2 t iiSjll ^Ai J^fllllj xlaHl 

gMj (cj) Ji4B . 5'CCCTT3' J*«L^I ^ fjj&l <J jxu (!) Jtill ^5 .(Cloning 

^S. fijH\ uljxjj Jllall lift ^ .ajJlLw AjIc. (_ijxi jill J 1 ill 1 "ill AjtgJ lit ^jJjVI 
^^Luj AmSlxLi ^ual j^yift lx« ' 4jla till ji t jjjLiaJI Ul£ LJ Jfr JjajaII Jinln'II 

^luijjjUII J5li tSUjj DNA—II xlaxt| AAlait x* ^-aALuu iajljj V>«a>4 ^jJjVI 

Lj|j *-4Al^4 ^JJ (^) jLuill jji .AjlwVI ^La^VI AIuiLlu (J* 274 ^S>4 js),$II 

PCR gui* _«*_$) (j^alll ii DNA II (j^ 5 OH II 5* >*?-4 JJ Jj^ jjjlj^jLuijill 

(j) Jiill ^ . i.5' tijlall fjs. iliuija (ijiaj ^ (primer) Jclis ^jL ^l^xluiL 
(phosphodiester) jiuyVI <jjlii cAiuija LjIjj JaUil DNA x* PCR—II ,_3^I 
.(PCR_II gk. ^> ^) 5'0H_II j (JaUfl ^ > ^) 3'P0 4 _II 5* 

JDLi. (jL^iiWI o$.li£ a-iLj^ ^AjjjJaij & bty^ L5^>^' (J^A 3 "^jA 

oA& {_$AaJ JaU ^1 jj Jab (> JjaiJI DNA— II Jjj^ 4j1*c. 

^iLaJI ^c. LixnL jA\ (Site-specific integration/excision) 
Alia. <J J^Aj u' M E. coli Ljjjj^j X, ^jLoJI ■ . 'j i La^ixi .A, (jji&A\ 
(jlc ^jj ^1 j t(a ^iLaJI ^kj^ij 200 S-iV j V* ^ijj (Lytic cycle) 
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<Jvl^j^U aImoa Alia, jl cAmm (__a J^-^ cjl ' ^ °j 1 a\A* SI t_iLui^ 
^ j^jjill (Phage) DNA l^ja ^ii dip. (Lysogenic cycle) 

^Jalij JMk ^L>1\ 0 jjij ^1 Jnt J (Integrase) jjlji^ 

attB .> J£ jjj (Site-specific cross-over) s.na^ ^il^a ^ 

^gJc lillij J.^Viq t^jlxJI DNA ^jlc attP SI Lijii-vll ^^j* jj£ 

JeliiSI I^a jl .^AJ\ DNA Ijjjj-vII -laLiiJ ^ attR j attL 
^ jjl (_> J£ jjj l£jLla X»c tjll-in 4_J£*j| ^ j i (Reversible) 
^iVi..n Lo^& .^iUI DNA <J Xis JK^nJ ^ijjl j Int ^U^jVI 

DNA—SI «M l£UJj f^UI DNA—SI l&S Aio^l »j* 

JliSI (Jjjj L£ X att aw ^ (Target DNA) i_a^iuuJ! 

Jc 0 UjU Jclisll 4jj=u jl .(attB x attP ^ attL x attR) 7.4 

E-coli <&l £_a IfrAJ-ii j CjUTiflll ^glc lilSiS j Xis + Int jl Int La] AiLial 

' a^luLall DNA SI J- 4 ^ J j J' " > °"^ ^_PM' elilil jali j>J .4qj,>i^SI 

.ll^ij^Lill elalil (_5^lidSj . (jjlat-o AjJ^ jLia-aS 4-ajlLaJI A q> j* L-JjIIxaII j 

jlJ ^ jjJa j-aSI JjaiSjaLllI (jli (Aj<-o ' a^-Uiiall DNA <_J^) ^gJJiUilVl J j' eaLttSI 

co/z Ljjjj^S ^lii L<uj ^jJaxj ^Itia ja att ^ 

Destination clone 
| By-product 



Destination vector 



Entry clone 



(l^jHUI ^LuuWI A^LaJI {jjii aHZLa ^..iuI DNA-SI Jii :7.4 

site-specific) ^ utttibil ^ ^Ualfl Ija iaiu .^jJILII (sub-cloning) 



attB 

Z5Z 

X 



target gene 



3t1B 

us: 

X 



attP 



Int 



toxin gene a #p 

A 

Int • Xis 



v U 



attL 



X 



target gene -ija ji» y 

A 



attR 



toxin gene 



ar/ff 



163 



Ajulaji (J ii all DNA-f ^Luujl "ij .X jljIs Aj ^ jL <|j]| (recombination 
jjiSfl lift £>j .(entry clone) iLuull jrLtff (entry vector) "Jii»ll" JaUJI 

(Int ) Xis j Int t^bH lilujji &* (destination vector) j>baL»JI JaUll 
(unidrectional) »*Lis jj f^l and Xis recombinases 

4iLuxa <Ljli, J) jji&l li* Jaj Jxj .'UuajC £jI >i )j*fljult jj-uiaJI DNA— II jrUW 

jjintnl) ^ uu l « ]| DNA-21 f 1 ^"! f% '(toxin gene) ^jjaJI <>» gjLUI S^luta. 

. JeliSlI J AiaxiuwJI Jal jjJI <j£ jl ji (jjiSjlu \Xijs. t JeliSll ta^Ia 1 Ma Int 

AftLoiuit j (PCR) J*-1ulU3) S JftUS 4.4.4 
The polymerase chain reaction (PCR) and its uses 

jj^ks J jjjSD jtH jV! ajUJj 1980 is- PCR— II <sl£l jl* jSI 
^jWimi <UaJ jji .(Recombinant DNA Technology) DNA— SI <-uwb -^ISi 
(jjj IgJjL jl ju sjja^a DNA A*La ^1 (Amplification) AicLja- j ^ . aj 
J£ ^ DNA— 11 j£ J3 ^L^j ^ jjIj ja PCR-SI J^liS J ^ -40 kbpj 0.2 

10 6 rf^lj (Template) i-dlS 

(J^Li Jclajll ^li^j .(jJJ^J^ ajj-lll «.l$2jl £a 10^j (jJjjjoxll sjj.lll c-l$lil 

(Thermostable DNA ^ Jj» ^ ^i DNA S j-L ^jsl PCR-JI 
cAjk-L^a jl jJI (Template) <— -iltall J jri>JI DNA Jlj ^Polymerase) 
c(Primer oligonucleotides) Jcliiil ^Is jjUjjKjjjjiJ j <> .iia^ £ jj Jlj 

Ciliui jail Aj^IjII .iAj jJS jjj (j- pi jSVI yyA j Jc-liiU 4j1 jVI Jl j-ll j 

j dATP j^a j (Deoxynucleotide triphosphates) u^y^j^\ ^jaia 

•dTTP j dGTPj dCTP 

(jij jjl£j;ij 20 Jl j^ (J>^) lJ 4 -^-^! ts-^-f ^j^j^j*^^ ^jj "*j 
(Complementary) L^ia La^a ocl jail J....1...U jjSj ajjUa£ AiijJaj 

(J.i.ii1>.iU aJ a ■ aJ j-a Aj V I g aja i a3 jl jaII 4ALalall JjJa Jc 5J^aJI J. .A. ,'il 
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jiiLlaiall jjoJiaJI iS-^j <*-a l^- 3 <-^^ '-^l j (Anneal) CjUjIJI 
JSl (_±aj l*£ .(Template) ^Jta jj^j jtaj£ (Opposite strands) 

^5 jLiB 3 <— Sjla jj£j ■ : ' ua ; t3 W*^ 3 S-^^' <S.laJI £-a jl [£.ib 

^jLs (J-aE. A-li "j- aa jl 4_i3 lilxu V La^ij 1 g aJa i aJ ^lj-a]l <aiala]| _aaj l^a. j^i 
2-JjC. AsJaiaJI ^Ja ■ alS AjLaj all (aJI£ (J£) ^cja ■ all La^-alajllj JcliiSI 
ajj i ajll 4-lLaE. jl _jA PCR SI (Jc-^ij ClI jj-o-o j»Al (j-a .PCR SI (Jc-^J J 

j| jJI (—illall DNA II j j>jjjVl Jc- j y j.'^ « s-i jfil J-al^lU 

aja i aJ ajj-i (J^J .AjJjVI jl_»-a]l j Jclidll dillilj (j-a ' A ",.''*' ' aJ 

J ^jiLauH 4 (Annealing) ^UjIVI Jc Jxuij (Amplification cycle) 
jL^jajl J (Denaturation) ^mJI ^ (Extension) s^aLlU aIL^I 
Laj .(8.4 J£i]l) Ailia-a sjja. cjla.jj J& iiSJ j j t^jjaloaJI (Dissociation) 

J (95°C Jl j*) ajJIc- a jl ja. Aa. jOj ^jj jjohaJI JL*aijl o_oiaa. jl 

o^aL j»jjjl J Iat JIi. u I ,_£jjjjJall (jxi jl£ tilSiS t .la.1 j PCR (Jc-^ J *JJ J 35 

.ajljaJl ^ jlia j CjjIj DNA 

L£J <> (Taq polymerase) s^aLlI ^jjl ^^UiJ ^ jSI 

^a.1 > aij ^11 (Thermus aquaticus) jSI u^j^ ^j^f 

(_>a^xJI I^J aSjC. j»J^ <-Jj' J* f&3^ Cj] - 1 Aj^Lljj^J J ojlaJI ^jjliJI 

Ajaaao^iSI e*l jSJI AiJi j ^Sjsj "t*Hj" j£S j .PCR— SI J aSUt.1.,iI j 

^_aj]aSI ^jjjll (_>a-aaJ' Jjkj Jc Ajj^a ^ I jJij (Proofreading) 
(3' 3' i— ajL (J& jjjKjjjjj^l iaLiiS ojlliaV ^ci t5 »1-?j1-j 3 
SjaL <_£>La. LkkJI Aauu jli tsJjiVl I^a J (j^aaiJI I^a Aajoj .Exonuclease) 

jl J^ijj iLjjl ja. CijIj (Pfrl) ja.1 Lajjjl liSLiA jSlj .AjSIc jj£i ^JJ jjjll 

L£J (j* <u^£laiJ j <Sj& j»j (Proofreading) Sj-^.^nSI Ss.ljalb jL 
jl diia. a ^aLS' ^ fjJjjVl li* .(Pyrococcus furiosus) Ljjjj^; 

. j£aj La Jal jj£j (Misincorporation) LkaJI A^j 
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3T 



13 

3 5- 



iUSVi : 2 > jkiJi 



Primer oagonucMonoB 



DNA J*l^ :3 S>U 
(Primer tf<M •»-) 

(2 5 JUuVI j(| a ^KaJl) 

DNA J»U3 :3 S>iJi 
(Primer U-M a*) 



rn 



3-1 16' 









71 


i is- 






91 





13' 

j I 



.\;'n-.'"'i Jaj 3 3 j 

(2 » jkUl) jUttl j (I 3 jkUi) 



31 I =15- 



5' I ^^^^^M » 

5' ^^^M 3- 

n i i r 

yi i 1 6- 

3-1 I i 5- 

3-1 I 1 5- 

y ' 's- 

("»>• 35-20) CAj^H jjl 

wiij-' J- 



^aj jsiiiiU ajjjjJI ^,. ; ,u» uu^ -it (j* ^ .pgr J^iuu^l » >»yi Jelii :8.4 Jlill 
J^aa (|i (denaturation) j (synthesis) ^ji.^MI j .(annealing) fUShfl J*uu 
.(Thermocycler) X** jiA PCR_!I 2£\ LiSjjUjjjS jjSli ^1 t&)2iiail 
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a^jj J\j* Jc p (8.4 JSJtfl) PCR-SI Jclia ^ JjVl Sjl^l uj 
(Dissociation) JL^Ajl J (Denatuartion) S _aki. j 95°C 

^ a»j .jjiajull La^ a au (jc (Template) sJUll DNA—ll j^aaJI 
*-« (Anneal) ^UjIVI (Primers) Jc-Laill ^^i^ij ^ Jeliill t-jjJ jjjii 
^.jj .(Complementary) ^1*11 a!^1\ l^lJ DNA—ll <_il jJat 

G .icl Jill (j-a LaAl "j (jjlllJI -gJlmlui J jia aLajlVI «UL«C. JiLa. ajl^pJI 

Sjiai. ^ju .65°C J 50°C (jJJ ^LaJilVI oj'j^ ^j'jjj U^J *Cj 

4_kJ jJ ojxlij AjJIjJI 4a.j.lSI ^Jfcj) 70°C SjljaJI <*ijJ ^UaJVI 

<L£a]l <!^aJI ^jli aj] (Ljjl ja. AjjIjII JyJ-aJ _$j DNA—ll £iL>jjj1 
aJILVI j fUtftfl j JL^VI CjI jLiJI J^Su .(Complementary) 

Jclij CjI jjj j> s.ia.1 j S jjj (extension j annealingj Denaturation) 

4jtLa 35 20 jjj *lc J^Af Sjj^ll o^a jjSjj j iPCR SI 

fl£ "SI' ijAA\ ^jjl JU*Uj PCR— SL 1^^.^ DNA 

£cJ_^a (JLastLuiUj (Jc-laill L_Sj_)]a ,j ■ "'I ilmaJ j Clsilj.}xJ Jili. (jx <j£l j t4kbp 
.40 kbp L^- 3 ^ (_gJ^> A * ™jI -J-*- ■ aJ <j£-aJ bjlja. oj-alill CjLajJjjl <^a 

DNA SI (J.uiluU AjjIjJ Ig-La S-lpC. CjlsjfLj (j-aj^a PCR SI JJ_aiaJ *i 

t jj*-a ^S j-aj j^Ij jjIj jJS jjj S^^o SjiL JL^jjj t (Sequencing) 

.(Labelling) DNA-SI ^uij ciiLiac ^ij ((Site-directed mutagenesis) 
.(Chimeric) s j*i ^y*. jr^V ^iliLx cAjj^a DNA *Jas ^ij 

(Restriction enzyme) fjJjV (Restriction site) USj* 

iLASj ^jjjVI tdSif *-laSS iblS PCR SI qa ^cjUSI ccSjaJI -*J ■ * ua ; 4Jia-a 

.(5.4 J'sinll) .^jjjVI (_>uail L^aJl AjtLS (VeCtOr) JSU ^ ^-a^SI j (j^alS 

Real time (RT) J) ^^i^JI ^ jSb PCR-SI Jl. cs>i Cjllnki tflLia, 
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f-aiall DNA— II J JJoijll RNA— SS (_>i ^jaij ^JJ 313231 sift 

j> <_ilta ^ j^<u*1S! DNA ^ji s^&Luiaj liiJij (Complementary) 
>4U ^ .(RNA-dependent DNA Polymerase) RNA—ll 

^ill (RT-PCR) ^ijiJ cij]U PCR J^^ SLjL* ^ ^IISS DNA-S1 
.(Fluorescent) Aj.uijjjla' S-iLaj (j^jjj^o Jclij ^jIj JL<u»lml ^ ■ a£L 

^JJ t((_Jc.lijll 3 i ■ " j) (Jc-^SI <-J^ AiaLi. Ajjj^all a^La]l (jj^J 

(j-a ^jU5I dsDNA SI a^S ^ ^iJYiSU ojAA\ <A»c. JD^ l^ia f. j.^iSI (jpUal 

sjUI ^1 

<_sl) ^^iiLJI jSb JclijSI ^jUJI DNA SI a^S L_iLua. (j£aj Aii^aSI 

o^aj ^ (Theraiocycler) PCR— SI <SI jj ^1 t(J&UiSI jj^ ^ o^IjjSIj 
sjUSI ^Ijjj PCR "ijj^ l£ <^ .(Fluorimeter) * >ialS ^Ua jl^. ti^jll 

Ajjoil i aa St AjSIc 4jlaiSI oi& J -PCR SI A a i "I _jj I g i Aj3 ^jjj 4 JJ iJaaSI 

.AjjaaJI JjSj ^jc. <jjlij gtStu cjlj ^1 t (Reproducible) J jSjJI j <a^ll j 

O^JI tf >i J>j DNA JUjL Jjja^l 5.4.4 
Transformation and other gene transfer methods 

A*J AiuiaJI I JJJjSjll iajj j ^JJJC DNA JlAjJ a jJaSI tjj 

.(Recombinant DNA technology) m DNA— SI ^ LjjSj* 
Aja.jUk DNA ^Jiiaa JU.^1 JDU. t> (Transformation) Jjj^SI 4_iL«i 
VL<mluil j!i£VI AljjiaJI t< ajjJa^II Ajlk Ji.b (Exogenous) LilaSI 

l^JaUjlaJ lilSloJ UjJj£jll ^1 jjl (_paaj .(cloning) ^L.qjVI CjlAaC. ^ Ic jJj^j 

bji&j £-1 jjl j-l^ Uiis (DNA— 31 Jaj j& j^uixi ' " 'I bj jjj) (Jj_jaaSI 2 
(Competent) Aia>>a j <SjIs 4jj^£ a^JU-o ^1 E. coli— SI Jla j^J 

• m^j^I DNA— SI JULuoV 

<-_sI^aI aiaa a ^1 <luiillj sJj^ SfrliS dllj aAA Jjj^iSI Ajlaj (j-o jaC-jSLj 

(Genomic libraries) ^maJI cjliilall jii^ CjVUJI o^v? d '^^Vl 
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(Oj l3ij-^ U c ' ^ILaJI (_g* ja&^ll ^aJ^aj j£-aJ .AjlUill jo {_$ jluioll (illij ^ fcSj V 

Viral ) aj^ jj^ cjUu^ ^ «nj jj jI l_i jjlall DNA— II (Packing) 
(j^jjau (jL (jjjj lij^j .(2.5.4 s jSall jJijl) (In vitro) s^VI ^ (particles 

(^1 Ajjllill jo i_all jo <il £jJaj (jj/tJiuilj Pulse) AjjLij^S i-il'a* i ~\ \\jj"&s\\ 
Aijjiall si* ^g-Aui: .CjIjS 2500 ci^! (J^ (*S^jS) "-^^J 

Aa. j joo Aij^a-al! Ljj££j1I (jla <_s j (Electroporation) "^Uj^l! 
^.ajuu Lao (_j jlkJ! <_ail*ll <— i jSj iLtl^atL ^jg^ll JiaJI ■ . '.'■■■"jj 'DNA SI 

. (_J j$£ll JiaJI S^, r/. ,iJ jai Ljajl jA Ajl jj t J ji..illj LiLu jja.ui.all DNA SI 

(_>^*j jli ^nUSI (Transformation) Jjj^jSI j* AjlUi j!&l ALjIall si* jii*j j 

.AAjjUI aiA -I ^•'"■■1 jjj jo Ljjlj DNA SI JU.J jioj V ljj/'<;N ^1 ji 

a jj^al\ L£UJI Jjc j f liiJI 6.4.4 
Selection and screening of recombinants 

aIiuuIS cliijl ajIoc *l jal j* V (Cloning) Aj jl£ ajIoc. J£ 

tsJ j' oLall jJail 4jJa3 jl jJaJI JoaJ ,^1 AjliJI J jfcj Jj^aS ^JJ ^lj (Clone) 
Jjjjja jc. jj^J (ilSj (»LajY (_gjlui.<i Jajoul . IjilaJI ^L] jc Lg-L -~«j IgJjc 1 JLaJ 

Ja^j JaLj JLmiuil i_a^il li$l .l$JI Jaljll Ji.j ^1 AiiiJaoil L£UJI el&jl 

1— bailj all (_£jJaJ! il i '— all t_ijjJal La I jlj i^jiall .AjJaoll <La jlLa jc. Vjju"i ljj_»* 
ia£3 ^ jojll »^jU",„" "jl) LiLaJI jli t^ilJa all LiLiJI jojj I - Ua ^11x11 iau: jll 

AjlUi j J&\ S ^U-,l jjjlu ^ tiilli AiLjal . j&J j UjJI JaUll JiJ ^1 lilli 

jo t_JJjC. DNA Aj2 Jjj^L ^1 (JSlj ^^Sc (_5jJaJ ^^ill AajjJaall LliLiJI JJJ-aJJ ^.luii 
Jjj joj (^jlc- Ail jiall Aaixj . jc. DNA Aj3 Jjj^l Jiali t _ s lc (_J jlaj j^l lilSj 

Aaijj Ljii^jJI si^S Aiuto Ai^a «.liii.l ^jjj La ^(Gene disruption) cijjjxII 
La ((j^lalL JaLill ^Sc djjjJI) Aiuall lillj ilijjo Ja-I^ ^ l -r J Jj i JI DNA— SI (>^1 

.(4.5.4 S jaall jiiil) A-aa Jill 

j±a. ^^Jc- ^jlaj ^gjll (Clone) AiLuiill AjjA ^gJc. SjjiLixi L_aj*!ill j^-aJ 

jo SjjiLixi jjc. Aijjiaj jl (Selection) ^ISijVI Aia US j| J^a_a 



169 



J t(Endonuclease Mapping) 4jj*^*aJI CjUujjSfl ^-La ^ji. S^l 
tj^oj L£ .(Hybridization) uJ^llI cAjllj <kJ jj J tPCR— II <LJjj 

JliaS .(Complementation of defect in the cloning host) 

JLmlJ Ls lc LpjJa] (t-JJjill DNA II J' aij) Ijji&J ttjUlJ j oSill 

.AjjoiLuil "Llljl 'ajLa i . ll jr. ,j _^ajll oj^all ojL»Jjajl jl t_4Aill A m « 4jljl o^Lo 

4_ljj^aaJI CllLajJ^iVI ^-^!_>^ f-^J 5jljJJ f.la!ijVI "LjLaC. jLiLa. 

(> (Jabll) JA<>_pbll o^^ 1 "' ^ja. i(Endonuclease mapping) 

j^jlU <^jlill ^laSll J^»a 

<_Li£J (Agarose) <> (Electrophoresis) ^bj^ll 

"Bands" 4_lajjil£ ^*jtill ( *Jaall ^Ll .Uia J£ J jLj U^^c. 

■ .^i DNA 11 aIoUJI aL. u u3I ^jJc t_ij»35l j»li tl^ia J£ J^Lj (J 

DNA—ll i> *jjikJ a*LS1I 

4ij_)ia Lai .lg-La f.liliVlj Uj a ■ a c j|j^a]| Ll^LLSI jjjj 1.1a. AjIIc ■ 

jjajLko (Primers) (J^-j JUt1....I ^ tPCR SI <LJ\ jj elUiVI 

UL^a. lili te-lpe JjLuU <>> DNA—ll Qaail <JjUaxII DNA 4j<ia3 L_sljLV 

DNA—ll ijj^ ^-ijatl) jl ^jic Jjta Jclalll ^jU ^ > ^^c. 

Lijjj^jII (j-o ■ - ll jjC. t _ s Jc- ajjoiU-o 4ij^jiall a^A (JLaasluil (j^-aJ 4jl LaJj .<— S^IuiaII 
^Jc (_>*aaJ Ajli ((_£ Jjjll (J-a<aaJ3 q^l aluil jl A i ■*> «LaJlx<a (Jj 1 ^) 

.AiLull AAljlallj AjjlLs Jjluiill (ja jj£I 

CjLuLall ^fl US Ija. 3LjB jlkJI DNA—ll JUa.1 J 1 ^ ^ 

Lia .(JjLuuII (jx j^c (_>oai (jj«li Ajli 4 (5. 5. 4 'ajaall ^liil) ^j'jf H 
^1 Ljj^jSjH (Colonies) dlj*«l^ ^ (Hybridization) o^mjJI Alijia 
(Phage vector) JaU ( a^iLa JLaxiu:! aIU. ^ j tS^a.1 j ^ Ajk. ^ Uji» J£ jisjj 
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jl£ slj^ji tjj-xs^l '(Viral plaque) aj^jj^' ^jL^jII LS k. jj-xfiSI (jjfL 

jLjjw ^l-liiuilj iAjxujjJflSI ^jIL all t _ ? ]c. jl Ljij£j]l (Colonies) ClI j.<«lm.« ^jlc. 

jjjLoj ^jJc. jjLj Jului RNA (> j DNA c> Uj jjl* (Probes) 
ajjj jjjs aj^jL^ jl sj^xIuia ajoo (Anneal) ^U^lVlj l_i jlk*ll DNA SI 

4_uj j j-iASI ^ ■> jL oil jl 4jjjj£jSI s^axIluiaII aJjS Jaj .IxJ ^la $131 ^jj 

(Denaturation) ^-uiaSI ^ t-ya. tl^jlc aIijjjj (Membrane) 

l_aMc. J^-iJ J*J lillij 4((_Paxj]l Ig-Jaau <jc <_jl) DNA SI tlltiljaJ 

SjSall jJajl) (Labelled probe) j»jjj>ail jLuiaSI .Ujjjajj L£UJ! 

*Li*JI ^jlc iiiiLaSI j i_s jUaJI DNA SI *-« «.Ui*JI *-o (7.4.4 

dixT'ty j ^jjj^l o^-**^ cj|jUyu-» 7.4.4 
Nucleic acid probes and hybridization 

DNA SI J ja. j (jc ' LjjSlS AjjjiSI (_paLaa.VI CjIjIiuia <_1a*JjjJ 

DNA— SI (Hybridize) J f^Ls J+*^ u_& s ^ ■i-i.\fu. l J 
<Ju (Solid support) ^A^j .n^ ^ (Immobilized) CiiLall j ci^i^l 

2 ija, ^ a " 4jLa. (-3 ^"-^ _jSI I (JjiSxJJ . jjllui j jJjliSI jl (j j£iuiSI jl (j_aSjUSI 

<^«5il JL-U ^S .(8.4.4 s jSill jlal) (DNA array) "DNA-SI 
DNA— SI cp- t- LI& SI L^-La tAjjja-SI Ajlijll S-ipc. cjliuki <J (Hybridization) 

j-ilaJI ajjaHll J,'^~ l$ia tflllaj i(6.4.4 SjSaJI ,J (Jful La£) jjl£aSI 

jjjjLj ^jlb .<jjIj_jSI (j^lj^Vl (j^L^ijj (Genetic organisation) 

<JLul£ 1 .ng o l-$jli AjlaiSI oi& £_£jllAj jjjojoiI (jli AcjILa jlst\ (jja^iSI 

<J.laJI c5-^^l LSJJ^ (_><a-aaJI jLlulo ojJS ^^Sc (jja^jll ^jiJ . Cjlililajll 

(Complemetary) *M f f ^VI (RNA j DNA) 

oJja. j |jcj liiSi j class (RNA jl DNA) i-a^louJI ^ jjill ,_>^aaJI Ls \c 



ijloj j iAju* Jjjall 4 o^jIaHj jtiLaJI (-Cjjll -3=uj jll ^Jam CJ Jc <alLS <ikio jjk plaque j ' * 
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. jIjjjaaSI 1 g » n V ^^iSI 

—j "Ed Southern" ^1 talsU aj^lAm <jtSilt 

CjUj jjL DNA—SI £y»Js& "jji jLx J Southern blotting 

^ ^ > 

cjjjjj (Blotting) ^jjj (Transfer) yi ^Uj^ll j^jll 

^ »LuulSI (_j jjjJI (j^aaa SI jLlui* ' °1 i aj . j jSjlltuij jiliSI <jxs f.Lic. 

£-a jLlui^JI ^laaSI ^JJ (jja^ill JclijS t _ g K*Sl <— ij^)Ia]l ^ lilSjj t^La l) jla a 

jl-li.ttfl ^LajSI £jJa j-a (jC. t LulSlI ^JJ .?.Lii]l lluiajl j I DNA SI 

.lau 4 a ■ ial j diLaJaS A 'ux a A^ux j J^Li. jj-a e LjmlSI (_^Sc (_£ J_J^I ;_)*'""'"*■ SI 
^g-ajjj AljjlaJI Clla.li <al L_l jUaxll RNA SI J ja. j (jfr ' Lj£SS 4_jtsjll oAA (jjJflaJ 

.(1.7.4 s jSill jJail) Northern blotting J " 

(jja^ill Ajlij j^i (JaxIIuiaSI jIiuiaII (_£jjill (jjaxaJI Cjlii^a. (JjSj (jl I ■ la J 

(JLu J iniJ JU. <J j .RNA J DNA jU^J *\ i^Jj Aha. CjI j 
Jclij fr^j JjS jiil^aJI Jj^il (Denaturation) ju« aAac 5la ALaJ 

{Jxuluil ^jj jiui ' ° uj£ ^Jl I fl.'ig j jliaujl (_£j_jjSI (j la^a SI jl LaJj Us?? 3*'^ 

(Jlla A.T-uia oj^J jLluuJI juuj ^JJ o-ilo . ilgjj 4i.ui£ (jj^J (jl (j-a jilmxIS ^li t^jjjt-a 
jLiuiaSI £»-<a J-a ' tJuiS AjIaC olJ i - Ua i (^ 5 S) 35 Cjj^jj^SIj (^P) 32 JJ^xu jill 
<Jajjj| _aJ tilSi (=^JJ '^-S J(S ' "SI {-3 ^1^- (' — SI 4_Jj_jiSI (_paxaJI ^UlU) »Luit-SI t _^Sc 

^Lua. ^Ja «.LiiSI (>aj*j '(Autoradiography) ^liSI ^LxJiSI jjj^^ill 

(Analogue) oLuiil ad JaS .^i ClljiSI JLaalml i ■ UaJS jlluuJI 

(Digoxygenin) jj^jn^jSjj J (Biotin) s^j^ ^ala ajU jjK 

^ jUuiJI CjIjjjjJSjjj Aioiui (j-a^ Jj^aVl (> V^j (Incorporated) W^-a-2 ^ 
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■^ifijj (Ligand) iajjjjj i— allii i^y*. - -j ^ .Sj^IjII Jclij JiLa. 

(jjSj jjl (_ylc t _jlj.ui.all L_S^' ((j^ Alia. _jjjj3ljjjjjai ilia) jjjjKjjjII 

(Peroxidases) jjjj j j±ui£ jjjj Jjkj *j jj| Lku^ iajj ja jaJt t*Bi 
.(Alkaline Phosphatase) jjjli^ja a;tii£l J CjLLujall Jjkjl csjia pO*' J 

ajSJ il-La __JJa frill JXJ jij.Lii.ftll £3 ja (jc I LuSSlI jA ajjjYI £-a JaljJjVI (_j-a ' °^^J 

Aj jL SjLi ____!) J j2ljj IgjSlj 1_jjIjj Ajjlo jjc. (Substrate) aJjI SjLo ^JaL ajjjVl 
LjjJaii JA\ aj! jVl SjUU (jisj .JjL gjjl ___J l^jJaa '(Chromogenic) 
ai 5JU1I 0 oa <(Chemiluminescent) ^j^a Jc-Lai? pj£ J ^ jftl 

^IjI! < _ g cU.Liill JJJ' ojll Aijjla ^jfl La£ A^jiLuia. aiUI at la-im! 3 jllubttll _jc I LjiSll 

.ajlJlo jm'ni La j^j* jLiuLall jjSj Laoic (Autoradiography) 

__5jjjll j'--"^ II (jj-^J La-lie RNA (j-a _jj-Lall jIilh,<l11 AjLiaaVI (jj^ 

Northern J "OjAjj 3 4jtaj ^ ^ 'RNA *isy?> t-iyu/J 

Sj^L ajjjl Aiamol jj (m v/'/ro) _rL>jll jL±ui* lis* £->-^4j 'Blotting 
ajUJI jii ^ l_l>j .(Phage RNA Polymerase) "^^iL" t> RNA — II 
g-aJj (Phage promoter) ^ csi^ <-$j JL«j"l 

^•1 jaUuil axJ . jj£.lall tilj^all ' ala ojjLulj-a (Aj<o 4jJa3 jl) ' aofrLabJ DNA— II 

j|_a-all £-a "a^jLa" (j-o RNA II p^3^ ' ' -"J 'S- 1 Jf 3 ' CS^ >^<sj^JJl Jj^-J 

■ aoglauill tj^ttail <l!a£-all RNA II ^jl aJ I.JJJJ t4-aj!HI AjIjVI 

AjLaC (J^li. ( jij jjKjjjll I g )\ lu a al lauia) jLujiaII ajluI jll jail g-aJ all 

.DNA (j-a ^ j'u ^ol l jLllhaII axuj AjLaC J!La LaLaJ 40 J-aLll 

DNA array technology DNA— SI 3ijiya* MJLSi 8.4.4 

jjJajll j Ajx jjjaJI c.Lia.VI (j-a JJJxll (J^il-ill "J'Jf M (JjjlLoliII jSjP (jj 

cj|j <slsj jj_oiaj ___JI cii (Micro fabrication) jjSjSI ^jajjlJI ^j^^MI <jlaj 

AjjJJ-ijll <jla 11 CjLjjj^i jja II JjJajll (_jjluia _j a __^a I jjS aj AjILc- sjj3 

DNA-ll 
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JLill jJajl) AJLa^.71 ^g-ii^Jl j£«^l JL>a (e* Sjja (DNA array) 

cjljUuw (jLuaL (Microfabrication) jjAiSI ^j^a-JI ^n.^MI jcU .(9.4 

A3 j°> axil {JS-ijU (_j jSjlui jl ( _a.ta.j ^Jajuj ta i ^ a ijlll jja S Ajllc AiU&J 

aiA (J L^!L«iuil j£aj CjIjUuiaII (j* jjlc jj tdLiA j .(Chip) Ailijll jl (Array) 

(JlLa AjI ja.1 '— » ; (Jc- jl !)Lal£ j^?^l t5^ c ' PCR g^j-a jj^ j^ '4-&&jl 

iij jjK jjj Sjjj^S Jjoi^Lu (jj^j J i(ORFmer) jjs-all Set jail jUaj" 
^ j .s^a.j 70 j 20 aw l$JjL ^jl Jy (Oligonucleotide jjj jJSjjjjiul J) 

42 jq, ^aII ^^Jc 1 3 a Sal ^JJ lillj .Ixj (V Jl jtlubttll dlLy ja. ^li oS jlja.YI {*^*** " 

CiMclij JaxIuu Alijia ^j .(Robotic printer) aJI ajuIL JL«iuiU 

^ijJI ^ J+xJi jjj jJS jjj J ^/i.^il (Photolithography) J j^l ^jlb 
^ AiJnl 500000 10000 jUu^l AiLS jj£ .aj 1 >4 ^ill (in situ) 

(Target nucleic acid) <-i ym. J ^ jjjll (j^aaJI ^j ^ Ai&ll oi* 

<aLli aj ^ajai _jll (jj^J La LJlc. . (^jjjij^s JJC. Aijaj^a*]! jLwiaII (jl jJ^- J) 

(Reverse ^-^*JI j^l ^Aac- i£Lk (Fluorescent dye) Aji^jjla Al ^ a * 
JS ibli« La j^jx Ml£a DNA liSJj gijj tjj^jll RNA—U transcription) 

jjl Cjli) Cy3 (_paxJI I nd > ^-it il (jjnl a£ a jjjxjj^a ^1 laluil j] . (Jjjjj RNA 
jjlll dlL <a aj jjj 'ijjjjLva]l AjjtLall AjlaC (J^-uiJ (j-aa.1 j_al Cjti) Cy5 J ( J' aa] 
C. j^iall <;La£ (_>uLj2 ^JJj .ia.la.lj Ajjl i n J jIiuiaII j-a jjalia-a jj j 1 . a (jx 

Jjjjall jjlll ^aj (j^Ul (Laser-Scanning Fluorimeter) jUja. JLaai^U 

532 (J jiaJ Ajj jjja 4^. ja! I g i qj J-" 1 ; Cy 3 AjUj^II jiaj . jjjlll Ajtjjl (JLaaiaiU 

Cy5_SI >4 Lai;, .IjiajjU 592j 557 jjj A^.ya ; j' all £jjjJj IjxajjLl 

.IjlajjLl 690 Jj 650 JjiaJ Aja.j-a Jc ^uJj Ijlajjb 635 j-aJ 

DNA Sequencing DNA-ll "<LL« 9.4.4 

LgjJ .<liaJI J&I jail s-yjjj (j^ <-iii£lL DNA SI <LiLi Ajlaj 

Aijaoa jl a^aJo J^>*J Aj3 1_1C.^Ij31j DNA II Jj^' Sjjla ClLjllill J&\ 
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jS.<uB ijjjjJa Jluu JaUll DNA j ■ «>->".. DNA SI <J ^cl jill J^Lij 

Jajl ji j^jJ 1 ' iaji 4 <ig « j t4ilia a Jelij dAjjLlj 4 ilia a Clll jLiula a ■ aOJ 

(Transcriptional maps) A-ik^ Jajlji.j (Restriction maps) aj>^. 

ji 





Control) u-^ 1 
j' "wild-type" 



(experimental) fU*' 



RNA 



(Reverse transcription) a***** C** 3 

> — jj _ : 



DNA — jA^ 1 ' 1 tHjt iJMkl 



J] 



•oaooaoaoooo 
•o»»o»o»»o»o 



J] 



Ijx. :9.4 JL^I 
DNA_!I 

jjjl i <a ji 
.(control) 



Aj^aj (Gilbert j Maxam) "djjk."j "^LuSU" aSj jJa 

DNA SI ^clji ^-a Jclili AjjLl-aj£ j| ^a JLaxU ^jJc. La DNA e-iSj*- (j* ^ 

(Base- AjJjj JjS^ JjjSI sJcliiSI ^-J.'^ <_ySc- c-Lu 31laJI ^JaS ^1 <_S-SjJ Aja^ _y aa J 

Ajllill si* J ^ .LSI j^ic. ULa (j^ui -d ^1 Specific Cleavage) 
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a^jxj Ajlijll .sj^lJI ajLoc cjlajj ^gic aajxjj iAj^Loj j Sanger "jiiLui" 

^ulj Si jjxxll j E. coli Lijjj^j j-a (j^aliiuixll DNA SI J j-aL s jja ^Ic 

lJIS DNA— 1 aL£* Sli*. ^i^ a Klenow Fragment <-ijjjK 

j&l js JL»»iuil (^ic ajjiVl lift jjSj La£ j Alia, (j-a jj£-a (Template) 

2- ^liill Ljjljfc^ j^ic jja_iui£ jVI Aj^jkla -jJjjjKjj) Ajjliic! AjJjjjjK jjj 

(jijji (_>ajai<i Aitj jjKjjj W^W^ lA ^il^-H (Deoxynucleotides 

2,3" ■^j^j^^ cs - " 1 ^-^ ^-^^Ij ^^1 ojijfc^ l>° ..' "^j 

iii^S. jjJjU at. jftsj jj^VI liA (j! Laj . (dideoxynucleotide 

2\\ ^"...1 j s J-alJ! AjlaC i_a3 jj (^J 1, "*"'^ ^) aIuiIlujI j-i A_a.La.ljl jlfl 3 

.(Chain elongation) aI-.I-J Jjjia. ajLc Ljajlia ja.1 .^jjKjjj AiLjal 

ClLyjaJI J£ ^ Jclijll AjI-Ij Aiaij JlaJ -Ha~a Julia Ig&j ^1 ^loaj aIu-IulII Jclia 
jA Jclioll IS-^-i jj^J J^^-J tSjxL-l Jila. j^s Jclioll (_£.-lo Jj_al-a ^aJJ . J-alij ^^l 
DNA— II Jl '.^fl; Jclij-I jrljaj .Jelijll ^ Ajtl^all CjloajaJI J£ ,J A_uij 
i t_Jli£ AJLaxlJ (jluuj ^£ JjaJj Ajja. I j jjfL jl Aj V j tAjLiLu i_aUiuSI jl j^ll 

'dCTP 'dATP ^j) diliui jill ajj!>Ij aij jjK jaill cjliija. j^s pi jjl ^*jjI j j^j 
a*jjVi cjlijj^l <iQ3 jj£ .5 >aUl aJjVI ij-ll (dTTP cdGTP 

.(a- J5 S -dATP Jla ^jolo j > ro'iT-j A-ajxuj-a 

£-1 jjVI (j* p jj Ajlc ' °l ■ OJ L_l Jfil (J£ (jl VI ijaJ^^'j ^ 

'ddATP ^ j) 2,3-dideoxynucleotide jjIj jJSjjj ^^jj^ t> a*jjVI 
AiSjJSj^ ^ jU- JJS j£ jl ^ jj .ddNTP J (ddTTP .ddGTP .ddCTP 

SjaLII Jclia jli ^^j^ i a ddNTP j dNTP JJ^JJ Ajjoij jj£i La^jc .^jUJI 
(j-ij l^S CjV^?. U^xa (ddNTP jrLa^l A^iij) AluUI 

^JijAJ 'ij-aL]l CjaS jj I Ua 3 tj^>iall ^i ' ttlaJ LajjJ (Jclilill [^jLj) 5' t_ a^>iall 

(J ^Ljj^II j^jS AiajJ JJ (AjojVI l_Uj\jVl <> J ^) Ailii-all Jl jiaVl 

jl^iV .j^«ia iLaJjSI jx (Denaturing polyacrylamide gel) pi* 
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(Autoradiography) pig-ll jiV^\ ls c-\jJ^\ jj^^I >jj < LJU 4jL»] ^ajjill 
A*iaa l^Lo s.isJ j J£ JIoj (Band) -LuljJ; ^jlc. J. " •«« 4jui| ls 1c. 

.(10.4 JLiS) lS>VI <> Ail^-DNA 

(Automation of DNA 3Ti.iTi.ifl (3l»i) aJI <j13j jj^Isj *l»LJI 
^ ^211 Aiiwjll J JSiSJI jjjiij JiU. j> lillj ^1 J^jjII ^3 .Sequencing) 

5 <LiiL.ii]! Jc-Laj ^ Aajlill ^Lall (jc i_L2£JI I IjS aj ■ : ' ua j Sj-aLJI l_ alajj Igjs 

^ ajjilxa £Cjtii5l SeljS (J^aaII (j-a ^-lual ' - Ua (Real time) (JLliaJI l— 13 j]| 

j^JI JLutioil ^ V^j t^Lj^l j^U. jfl (Capillary) isj*^ 
jl jib DNA-11 

^mj cJ*-^aj a j^IiaII s«.I jail ^jj .^jlilt ^UJill jj j ' ^"i\ lj 

jcl jail ^jIjj AjJaj (jl£-aVlj ^u^l Aiijial! si^j .(Fluorescent dye) A^jjla 
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Alulu JfrliiJ (> fjaJ (autoradiograph) 5^i)j 4jeU*i sj^ua :10.4 Jlill 
a jaUI Liajj i _ r Sc. axux^ll Sanger "jiiuT Aiijla JLuluU DNA_U Aj-iujjiSjjill jel jUI 
flu G j T j C j A jjjVI cJi jaaSI ("nVm .(Sanger chain termination method) 

=T t (jjjl^jc- =G i ijiui jf\\ i ii =C ^ijjjji =A ) <ulc> 'sjaSjJI kliiijj ±u ^Js- 
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Site-directed mutagenesis jij^ Sj&il 10.4.4 

(Jj.uL.iu JJJ«J jc- S J^ 1 - "^3 j-ai j-ail S jiJall" 

jja. AjlUi AjAaJi j JjlaA a jilall jjja 1i aall jj5L tDNA II (j-a AAa_a £2 ja J 

'-— « J JIajIuiV 4£JS J-al A^j^._ojaJI 'i^)i]a]l (JLaalluil ^il Jlilail (Jjfui J& .4_aAli jl (jJJt-a 
jjjj 1 g , ^.M , Igjljjxx jji.^'i ■ ° jjj J AjcI I . CllLaJ^jl J 4jlllo$\ j_>^aLaa.YI J>a 

jLu lillj j*j ^ vitro) jrLaJ 1 J CjUIHj DNA— II Jc cjljaiall ^IjaJ 
i^liuaJI J "<*M\ cJt j;*® aIj^I LjaSJI Jib Jj s jiUI JaU DNA—SI 
JL«iuiU "^j-al Aj^.^a1I ojiiaH" AilaS jiiaj . (Phenotypes) 4j1-La1I 

jjjxj Jl cS^JJ LjjV lilli J 4<-aA$ll lillj J jj^a jli AaaAI Altj JjK jjj jxA j\ 

Aiili] (jjja a Ac jJ_alaJ (ja ^acJLlj .<LaAgAuiAjl DNA II <1ui1lu Jc JjAij AAa-a 

V J .(11.4 JSj^II jJJJ La£ IjJdS 4jL£jj lAiajl (J VI "^a><J Aj^-j-all Sjilajl" 

J£Jij cliJI Jc. "ijJ AwjX (J u.i^l DNA— 31 (Cloning) ^L^l 
DNA—ll Jl AiLjaj .(4.5.4 S jiill) Aicl^J J^U. aJ^JI ^jslJ 

<jajLLs (jc (jJjjjjus (Markers) (jjLajJj j£j>a Jc- Jalill csjAaj i<-jt\"i>*n\\ 

.oAaJ j <j \n;K jjj SAoli Jl \nmU <* L lo«J jjjjjxJI j-iAis Ail .4_jj);~»ll (JaIaIj '— all 

[£jls Aij jjK jjj jijl jl <Jjjjl 2-° ^-^l cs- 2 ^' -^Jpyi (Annealing) ^Lalll ^ij 

Alii sAclill j5ja V]) Jl j-all £3 jA\ J ' aA$lubajt jjJaJI £-a J jVI t Jclilll 

(a^jiia]| ^2j-a) Jl"- all Jla-Vall £3 j^ll £«a J^l * a *'^J I "'J.' '( JIajAuiYI jl JjjaAll 
4 aaa ■ a ^j^iL a Ja ■ oil JJC oAc-lall JIaiLujI ^jj i " Ua ; ,jj\.'"'J.' , 'V^ ^-ajlLa iAjj_^ 
'ij^lj ^j^jl SjLjal jjj t g*-UJaj| CjjjajI jjlLjoLUjaVI 4^ajlLa Ailiaj eAbiAuil Jl (^JjJ 

(DNA ligase) DNA-SI ^ ^jjlj (DNA Polymerase) DNA-SI 

^»Ac jjx (jiiiaaj Jc lAj-a3 gjl-ill ALajiUll j_jjiajj .4A«-Lajl AlAaJI ^jjj-aJ Jl 
^^L^jLi j»jaiu:j) jj ka U Xa Vl ^ajlla CllJ>a J JjVl t(Mismatch) Jxl£lll 
'ijilall Jla.Aj Jj j_£-jjiuaj) ' aAjpjam]! jJaJI J Ajjllllj (ILLui sJja._aji]l <jjila 
Jj (Jxl£iSI ^»AC jjjj (jilLaj JaLi) AwjiLJI Jijj ^li .(AAa-all ^Sjjill J AjJIiaII 
Clljj^JI li&j 4'ijila ■ iJUii JJC- mutS ^AJJ-a lAjli E. COli 3 L i a a Ljiiivi 

Mismatch repair ) DNA—ll J Ual£iall jjc CjVAaJI ^^L^j ^Ui3 J JkAj 
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tSllj tj^t^sll ^oc ^"k'a^ J^UJI ALajMJI 4icl.ja.fl >2 ^IjIU .(system 

Cllljiiall (J'"'',' (jjJJ^aJI (JJAA .AaJ 4(Jxl£jl! ,j (_><aaj (CI (jjAj ALajiUll (j- 0 (jAij^ 
J=»Ylj (jJJjjKjjj^jiJjVI (SI ijclidll («J^ 4 )-i ml jj l$JU.i < _ g jil) 2 .j\U«ti 

(jjAA .1^.1 ^jlc CiiJI AjlaJI J' aaJ AjlaJI aluiajl .lie .^^L-uVI -lia^ptail JjjU" 
SJjJUaII S^ilall f^glc {_$ jjau ^j]| L^LiJI s-Uljl all i-lLoj^ljll (jjJJ^aJI 
ajlaloil Jl iS^Ji «J^I Clsj.ia. (jj jj t^Jliiil Jauajll Jl jj^-J.'-'V 1 AiLjaj J^U. 

. jjjlluUXaVI jlLo dljj^i JaLii 



t=l IX} 



J>»j ^ ill jjiti'ill - 



il.aJI £jUi DNA 




(complementary strand) f-Ul iij—ll <jjjSj 




KanR j Amp" u^j^ u'j^ 



Cil jilail JUjI .(site-directed mutation) %?.>»JI jiLlI : 1 1 .4 <J£&I 

dijj^l J^au 4jiaJI ^Jlaj Jj^J^j J-a (anneal) (»aaL >ii t^j^jjjjiJjl aJAa^JI 
JLaiil all JiajiUIl E. COM Jj>sj J*J .Ajjljil AjjaJl v * ajj aj ■ i Ifrl a « tt 

fl&ul all a!i .aLwiWI <y> 4ajU]| AjjjJI ^lyflSfl JAaJSLfl » d- 4 ^ Jj^J^LjII 
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j&fl LjtuLa j 4j*&t ££&U 5.4 

Cloning Vectors and Libraries 

if- " b J-p (Cloning vector) IjjlSlI J ^-LuuiVI Jab 

LljJjSjll Ji.b ■ id ■ alll (> 4 I'Vnj t-UaJ Jjiiiall DNA— II J*aJ DNA 
(J^aa-lll La^aau £-a (jUaiij* J jfliJI DNA—JI j JaLill DNA— II <jl .Ail^aJI 

jjSiall DNA—ll (Ligase) ^jjl s-iclauu (Covalent) ^-aAL-u isul jj 
(_> V :Vjl j JaLill AjjuLJ cAjia £jjl lilLiA .(3.4.4 ojsall jlail) LLLu 

JjjaJ 4j\^r. J!iLi. (j-a ^L$ju: Aijj^axJI Lijjj£j1I JaLill JLk.lj (jj^J (jl 

(In <rLa.jll ^ jjjs JaLill t bkj J!>U. <> J (Transformation) 
sj^ll j> JaLill ^ V i(Infection) ^j^c. e ljaJ j vzYro packaging) 

Jj£ Aid i axj Jaii^a JJC. J^uU ^ °J ■ axil Ujjj^jII Ja.lj <id ■ axil ^^Jc 
iLillj ^ i aj 200 50 (jJJ ^j'j-^J J-iC Aid i axil ^cJJJ I " J tLjjJJ^jll 

^JaSJ ^^ill) oJ^atLa ^JJ' aa CjLaJ^jLl ^JaSH oAli.j £al jx J _ja. j (j-a V 

jjiiAj LfrljajJ (j^y ^ m « 4i-a ^gic. ^jiaj J V "L*jIj .(LiLklj DNA II 

^LuiiiVI ^jLall j 3 a ij .JaLill (j-a 4 -■■ ■ aj ^Ic jiaj ^Jill 4aj. AjliJI jLiiaJ j 

' id i all (_£ill agjl alt j .lLaj£yLill JlLa AjtJflall ^ o^_4i._4-a DNA CjLll^a. (j-a 
ojj!i£ ^l_jjl ^ Sslj A i±t a all Ajla II ^_axuj-aj^)£ i_ic.LiaJ (jc. J°"' i a a J^joiJ 

A*J ^JJjj La£ cA-^aLi. CjIauLlSI CjLa^jLall 

^Uil JUjlL^U ^iwJMt JW jjfl 1.5.4 
General purpose plasmid vectors 

e jjt > ^=a ^-LuiiiV ^Lxll JLxutiuiiU Aj-lla j^Lill JSI CAaAi a 
£>iA Ji.i .AkUa-a Ajli^ E.COH JLa«la<Ll lillj j 10 kbp jjL^JJ 7 DNA II 

JaLill Ljjlj Jio (Jill LjiUJI <.L2ijl ^ 4 Jjjsj AjLuu SiijaJI ajLlII Jal jill 
(Vector-based JaLill jja. j*3l ajjjsJI cjbLuaxll <^ jlla tlijj-a (jJ-J (^Ic 
lilLiA ^Ull JLa^iU f ^ a * ll cjjasJI iLajMJI ^ .antibiotic resitance gene) 
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Multiple j MCS J iall 5 j jKll ^al j-a) i_a^JI i_i ^ a <m^» ^laa 

aJja. jll Sjj, ^Jl ^ Ajjlsla Ax. j-aa-a jc o jLc ^ j tClOMlillg site 

. J jiiall DNA 11 (jjj-aJ J Jalill ^a*l J^aiuU y^Hj (JaLllI ,J SjjSla JJC.) 

AjlaC tj^-uu ^aliaj ^Ltll (JLajUj-uiU 4 aAi axil Cjl-llajilJI (_JjJao 
Aj^&Ua Aij^a Jj la«J Jc. s-lij (illij ( J jlLa DNA t _gic ^11 ^jla SI fj aja uS 

jA VLaalml 3 aia.ul jx j . J jiLall DNA SI (JJ^l 2jc ( j aja tSiill aJ^jj) 

<> a-peptide— 51 s >5 J*^ (Lac Z') "Z' ^V" cj J>a p Uii 
P- ) jjlAi^^l^K-p J jjsSVlill Jjkj ^jjV (N-terminus) j^jjiill 
jja. t> (Peptide) li* j) .E-coli Lji&?l (galactosidase 

J& AjjLuo aJj j tUu.m AjlaJt <J b ja. j-o (Inactive) iLaLk Lajjjl JJaSi Jalill 
((3- jjl \; l p ^jjjl JaLijl J^*^ lillj* A_a_iiilLl 4 ° ; ■ q alt AjiiJI ^ jjjijxjjS 

jjlll s^La ^Ijjj Jc. Ajjja JiU. j* AiiiS jS-aj ^ill glactosidase) 

5-5bromo-4chloro- ^ Ajjla jjc. aj! J s^La j* (Blue chromophore) 
liA J DNA A*La jjj^al jl .X-gal IjL^ikl J 3indolyl P-galactoside 
p. Uu%u (j-Laj ,Jl2ljj '^j^ a-peptide— 11 gi&ll jjaJI J Jalill 
^bill ^L$JI (jUlal Jl X-gal aj! jVl si-all cjiu^l La bla .glactosidase 
Jc Jjta I^a 'frlijj Ljjjj^? CjIjaxIuia Jc. J. ^i... Ujli c(Agar jli-l) ajjUajYI 
CjIjaxIuiaII bj Lai t(Aa.ljjl aj a-peptide jl l$I) Jjiia DNA -ij^j 

• a-peptide ^JJ>a j^a AJ j<iia DNA A*La Jja-j J& Jjb I jjlll cLjaJJ 
CjLa^jLall J ^jja. (AjjAaJI '**'! a^lLall jd ijiill ^ liSi ' -1 lA< ^j^iij (J^xluU 

^LxJI JLutlluiVI I "'1 a^l a jiiSI (j-a r I ■ ajj jl «-^J_j 'Si^JJ^ ^SVAj Jl t^-^JJ ^11 

.(12.4 JiSB) pUC— II At^aa-a cilU 

JflU JxajjSj JflLi ^jjjSj ^>4jL> 2.5.4 
Bacteriophage and cosmid vectors 

J3Ll£ VLaaiuil j!i£VI _jA E.COli LjJJ^?l (_pa>alll X <_SJJd£JI j^SLalt jj 

AjLaAl Cllj^Ja .VLa«iuil CllLa^liLall JiSV (JjiLjVI jAj JLaailui'VI *lc 
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IgJaj L-Uu aJ dO kbp (jk. IfrijJa JJJJ DNA ^laS ^L-ujl ^ J] Ijiu 

48.5 kbp Jlj^- Cy A, ^iLall ^ (jj^J (JLa«AuiV 1 cjl-iiaj^Li 4 L., „i j< 

aolj La Vic t<-iJuj jjK jjj aJc-li 12 L§-1 _aJa 5 a g-a 1 AjjLi lil jial lilSiaJj 
^-a i !■,") .IgjJaljx] 4 q ; . >i aII 4_iL=JI -^M all ~ (Ls^jl.} ~y aj) 3^"'-' l— ^l^laVI 

cUjI .(Cohesive ends) J (Cos Site) cos £2 >»j ALlill ajjUII J^iaVl 

lillij -J 'J?- SI (j-a lSJJJ*^ 3 ^ ji^ J lji^ <J^-^j j»J X (JsLiSI jJ_ajaJ Ajlat 

jjjilll I AgJ AaJlj ^UlSYLi J jJI DNA— II (> JU-JI ^LuiV 

iaL X ^(j'lUH » jiia. jl Luj .23 kbp L^Jli ^1 jJI DNA— SI A^laS J _»la Jj^aJ 

(jiixJaaS UjL^J j3 jil (jl (jS^aJI £y> Ajli 4<ajjJa<JI Ajla SI AjLwal .Ixj (_£jj!.lSI (JSjiJI 
^S_aAJ ^Iji j^HJj (j^- ' w > u yl ^'j^J O^l ' Ui" "*°''" 

DNA SI a * Sa3 (^^A 3 Li^^k ^-"-'-"j ^* t jiVI (jc- ' a ^JJ L am dlLajjjVLi 

X, ^£j1a1I - jjja J Lljjij£jJI Jj_aaJ (jl .(13.4 (JSjiSI) (jjcljiSI (JJ^A <Ujaiai! 

A, » <J l3,'(S ' ""' ' ° ^ J DNA SS I ijlaU ^»Uaj jJ^aiaJ liSJii iAjSLriSI JjAa-a 

<Lj aA\ AjJjSSjSI AjlaJI ^ySJ L_S _aJjLaJI 



Ap R 


/acZ' 

♦ Polylinker 
pUC19 \ 


^JJxia Jl . n n. .il jSlj* 


Ori 


toll Aral 
Ml Mil Xmd SM 
Sad Sml Xtel <%< Nndlii 
agigaacCGAGCTCGGTACCCGGGGATCCTCTAGAGTCGAOCTGCAGGCATGCAAGCTTGGcguaicsggic 
EH Kfpl SanHI SM SpM 
Apd AcaBSl Hncll 
M 

C-Se'AsnS«fSefProVa*gPtoAs«Gk;LeuT1vSefAr^yiA^isLeuSerProTh>lleM«.N 



jftjiS aisle ^^uL ^jii pUC19 (.W JULl«iU ^AujSUI JaUil :12.4 Jiill 

Jaia jiVI CP ^l 1 '^J jr'jj J^" cP 6, P^ 1 ^ ^ > 1 ?- 4 V* ^ ^ j»JAuaj ai .pUC 

Cit jj Ajj^aaJI cjluj&l ^uj) MCS _JI yd sUjI (opposite orientation) ^lixiU 
J Uil .jjAUiVI J^L o'l Jjil»JI DNA—U dlli (JaUJI ^ Sjj&jII jil jA 
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"J. 1 "V 1 <L»jljLa jjjai LJ Jc-J LacZ ^yift -fl i all j^jJ . LacZ ijj^JI jtuu oLsjV 1 1 nSIt n 
Jxj 4-UJ >*jf| (jiLa^VI J mini" <jjjj L»£ tSjJu^J l -'JJ a ^ ^ UJ - 









DNA J^j *^»* 













^LuujVI ^jUI cAjjUJ jjj Cosmid Vector JaUIl Jj-jj^l 

JSUJI ja^jlall dlljjlaj £-a ( jLujjjV j a SC.1 i a all j ^LuiijVI aJj^jo; (j-aj 4jiLaj!yL]! 
a tllljjja. Jaj (Jt 4jj^3j Aiu^a]| Lijii^Jl J jiJI ,j 4-illxJI eliill <^?J 
COS i-aljLVI AjI] i - 13J i a) -Ij-aj^-J <_Je cJSLill iLojjill (gjlaj .DNA SI £x 

<La*U cos — SI <*il >« c> aIJISI (cos site) 

<jjlLal lilli ^^jau .A, -g'^ SiaS*l]l (j/J Vitw) ^^jSI <^ ' bl«j3l ^JJjla 

2?. Jib Jl*i JS.»u 4 ^ ^ ^ J^-° DNA <«Jaa ^ t JaLill J jij 

AjlLoLj (jli 5 kbp jA J3U1I .iLajjill aa^a (jl LaJ .Aiailiall AijjJaJI COli 

< iAsu a*j .kbp 47 j 32 jjj l^Sjia ^ jl jh a! jaia DNA 4j«-iaa JUSioil 
Jib <_JI aIUJ alj (/'« vzYro jrU-jll (J) ^JJ^ Jalill jj-ajj^SI 

i oc-.l , '^"W 4_iLaC Iaajj LijjI^ ^ ^ »'■'] (A, I agjLa I flJ'W^ jlS _al La^ l_ijij£j]l 

. ^a j^l-jlS L_ic.Liaj]l Aillaj JLajtLuU 

iJa^l Ajjjj^j LjLa yatjAj^fi 3.5.4 

Bacterial artificial chromosomes 

1 " 'J^ 'pBAC ^-*_>°j) ^..""^ *'^*" a j "SiJ^^ <^lll-ajJJ j-ajj£ JJ_oiaJ 

ft ^^ j>j .(50 kbp (> J^') »J^4 DNA (jJaa ^L^l J^1 (> (^ajX p— II 
Jalill |j* ^^3 . co/z -Jl F ^aj^JI 0- ISAJall BAC JaUll 

Sia.1 j Aiuoij ^ .300 kbp <_JJ J^J 22 SjJjS DNA <*iaa JjSJ ,_J& Sj^all 
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±±\ j pBAC (>> J&l ^i&Lia-a ^iaj djj^. tLjjiilill pBACs ^iLall t> 

a jllaij dLu£-a ?.Lui pBAC SI >1 lalluil (j^-aJ 2 aj , U AjlaJI (jjiii 

(_J£Jij ^^jjaJI J-al£ ^jic. (Clones) JjLuuII ^ <cj«^ <i lsj-^ t — c£ j/'^ 
. JaUlL 4q,^i\o j (Overlapping) aKIjIo DNA— SI ^> ,*Ja| 

Special purpose vectors k*a\± lA\u& Jaljj 4.5.4 

jl , j ^JLi La LgJua j^jj tAilla a 4 . A ^ L_il.l&V dll afrlLaSI 

Expression vector JaljiJI 

liA ^ Ajia SI ^ jjjjj^^jll _ala a (jx 40% ci*-^ Cii^J^^ 

(Affinity tag) < olXulI 4_a!lc. J j^y* 3iLij six. ^Ii (cJ-a^jLJ) Jal jiil ^ 

(Affinity c_a3ljil a^sI jc. jj j^jjS Aij^^ ^jliil £ _jjj jjJI Jjc 4\\nc. (Jgjaii 
^ vVi.hjj i^SUSI ^ -^>j^J ^ J*" 1 ^ jj Ciiij .chromatography) 
^ jail (T 7 RNA polymerase) T 7 f^iL RNA— SI s j4> ^ jjl j^iSI J^U. 

RNA— 31 j^auS .ksLjaSI ciuAuull <T 7 ^^jL» q* Ja^a ^okil (Downstream) 
Ribosome binding ^ j^jjjjII JL^jI j^) ^La^jjlS j (RNA Promoter) 
qa <i^uj Lg-ajjoi^j j£ <_j.Sc. jA\ E. coli Ljjj^j <_Ja\_ill 11a <JiAi .(site 

^aJ^jl (jJ^. SajjjJJ Xic- .T7 ^jIaSI ^jUlSI RNA SI sj-aL (jc (Jj j.i.n<JI Clljj^JI 

■ a^lubaSI (jJaJI UijLi AjlaJI U^jc j. jai 4T7 ^ULail Jl JjUJI RNA SI »>aL 

(Promoter) iiSja-a3l JLat ^al jll 

(J^a^LiiiuoVI JjUjj (jli <— iSlj SjUiL (J ■ aJ a JJC. I S^LaLaSI ijJ^SI (jl^ I il Lai 

t_sSljll dlljUij dlLajiala qa J^C jJjiaJ ^aJ lilljlSj .AiI£jSI Aiaialj (jj^J Ajiiillj 

.jjSj (J^A? gjljil (jJJ JjJI J ■ lillj j iA u al oil SJjlaSI CjI jiuJI AillkAil 

(jj fii nft LllLuj^. Ajjjj (j-a <iS^aJI 'ijUjjVI liSLift AjJjAxJI t_i3ljSI CllljLjjl (jjj (j<aj 
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-jjjjU jk. fijLj (Nickel) JSjilL? -W^jj U jjA? ^ (6xHis J Histidine) 
(JjjjIj jk. <_£*j^ ci^jj (Glutathione-S-Transferase) JjI ji-jl JS-S 
(Resin) "^a^J sjLu (jjjjljjkil ilia) ligand — SI J^j ^ .(Glutathione) 



laiilaJ .(14.4 (JSjjjI!) i_allj]l SjLjIj il ■ a3 a I a^li^all ^Ic. 

' " d '/'JJ.'^ ^^)^ I "'J.' ' '■^'""11 (jijj^jllj ^1 JC. jjLa JJ^ll JjaxSI 

(J jj^aJ! ^_ya I lj£ aJ La Ellltion ' ijajjjll Ail^JaJ I a ^^^^^ , — \t jjjj j_jj3t ^Ijiioil ^JJ 
AjjLiaj£ Ail^iaJ qS1jjA\ qa i_sllj]l SjLiiJ <UI jj (jS-aJ lillj A*J .(_! jjjl ^ Llij Ajlt 

.(Protease) j£ jj^ JJa-« ^ jil Jtliij J 



G 



/ 



c 




* 40 



4B J*/*** 



(overexpressed) jjj*^ 1 




SDS-PAGE Jl» 

SjliJJl ,i jail] 
r~i_n n n n_n_n_i i 



fa. 



_J ^ 



1 



Glutathione-S-Transferase ) Jjljiuul jj-S-ojjjIjj^ JUlU :14.4 <J£*M 
N (-ijM (j^s GST ^a 1 '->■"- ^jjjjjjil ji^aj .(jjjjjJI AjUj ^ sjUilS ((GST 
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jjAi ;GST jJujA\ ^a±s1) (jjjj jjI! * AjliJI JIajj jji off jju .(N-terminus) 
Sepharose ) jjjjIj^Ic. <ul& j^oLJI jjjiuJI J>a* jj& ^^lill j,* u&Hi jjjU 
g jij j (^jjjjIj^Jc j GST ^ <J-^W1 jAj>^I - &rjj^ (jiu .(Glutathione 

.GST !! (jc qjjjjj^I J*^ij is'^ t Protease ^jjjjjjII JjIsj J U aL Lu iL SjUiyi jiaa 

Secretion vectors AjJI jflVI jSljill 

(Protein CjUijjjJI J&j j ^tnVI L liA t^-llaJI Jib 

jljSa ^UlLij (Proteolysis) J t>a*J aggregation) 

I - '1 Jja ■ all si& jj^?-^ ^W^' -(4.9.4 ojsall) U^J^>^ L5 JP^ JaLiill 

(jjjjjjll ' al 3d]l UJ-^iJ ^J^d (j' ^ <^-^J tig-lib ^ 4_a£ljJ 

L>* V ^g^jLiil ^l-lill iajj_jl] (jjJj_)JI jlj^j 1 jm ^jS alllj .Laa^j-a IjaJjJa 
tilli ^ i ^"'°JJ .Ajliil j!/LjjJjlui]l »Li*AJI J j-al! jljiVI j^-^ 4 frj? j"' 

ojLi] ^-a jij j jjII ^Uall ^1 c^j^j <_s^' (15.4 J^jill) Jj^V l^U JUtIJ 
N c_ajL ^ ^ikij SjLij ^^.Luij ^1 (N-terminus) N <^jL ^ jljaV! 
jL^a. jiijjJI SjUVI oIa j»_jaj .(N-terminal Signal peptide) 
±ic .^jpuj±LA\ eLiiJI ^ (translocase) ji£jLujljj jljaVI 

• signal peptidase <aJ ^ jLiJI ^Liill ^J=lJI 
Shuttle or bifunctional vectors UJaj2l ^LS jl ^jl^l JaLUI 

(AiljJax]| kALl\ ^1 JSUll JU.^1) JjJ^I AjL«J AiuuJall AjlUill J 
c_a^JI li^l .^Liilj^U (5j3^) ^ kj i a j Ailkiaxi AjLk£ E. COli ^jjj^j JLaalLail 
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^j^all (jjl£3l j E. coli — SI t> (JS AlUill (Replication origins) 
Sjja cjtj cjlALajMj t_sLSSl lji.>> ^ .(Target microorganism) i_a^L«l]l 

LgJLajtiuol ^Jj 7- all Cjljjl£]l ^Ijjl (j-a -^-^ ^ ' 8C.1 i jadlt ( _ s Jc 

Single-stranded phage and phagemid vectors 

dj|.laj .lie Aj^alij tAllaJ DNA JLwU UU^I Ajj^I ^ ■ '-'a* 

(Oligonucleoti de-directed ±p jjK jjj jkA J Jla*iuL <*i a^ j*1I CjI jiU 
Jal jill Cii^MJ (> Ac jjjku (Messing) "^i^" ^15 .mutagenesis) 

J-a^J -ii. CO/ 7 / LiJJJ^J -iic (_>aUJI ALaJI ^jlaj t^K^I Ml 3 J^lLaJ) (>» ISiUajj 
a1oiL.ii ,J (a^lnlall ^LuujVI ^Sl ^a) MCS SI M13 -^'M <>> mp Ac j-4i-o 

jliuji jjSYIS P cU^-oJl (a-peptide) a o& a! j>uJI SjLill 



( 25 t i/$afit if* : — (!) 
I I I ^^^^^^^^^^^^^^^^M I 

N- |d H - Ji»H C-J" 

/. ui [.. .» . !».!,--,; ■ (hydrophobic fUi! HJ*i!f f.>* •»^' 

(u^jl6«jVI|>«*a!l5-2)4a>«S .(„ (a.hclix-JjJ Jtliit; ij-*!fl eW 

^sll^jjL 'signal peptidase 



( Inducible promoter) 



: J jfifl ( V ) 



-i->* j& ^ jjj 

B ' J — i 1-4 



jjla jS) signal peptide AjjIuj » jLij Aau (i) .jljaVI Jal>i CjIJjaj :15.4 Jiill 

flwxl) jiuaAll (jjjjjjJI sjLuiV) sift Jj^j 'E. COli II IjjjjSj ^ Aj^jjAi (j: 
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4JL1 (JjiLiil DNA B jj^) ^Luujl jal>» jfiaj jlj&l JaU ^aJali (lj) . jj£S\ 

Jjil»il DNA—SI Jja.j jljij JaU (^) .JjISII jjIuII ^ Jjj^ul»2I J.ntn"H a j*iUa 

.(in-frame) jja^aJI 

^ *lu DNA g-aJ ^iJI ^^jLJI ^llijl (jl&j liilijj .(P-galactosidase) 

' , '-' ' "*"' J O^ 3 ^ 4 ^ •(1.5.4 ojsall) c I ■ ajj jl f-^jj J 4_a_jSj^all (jjl 

F + ^ <>« co// II Cya CjVXuj Ml 3 SI c>* ^SUufl a^jLJI <c <i 

Jalill JLa*U .(F pilus) F £■ _&j ^ cjlj^ liiLu ^1 ^1 

.(Replicative) <a& 1.^3.^13 Jilll (dsDNA) 5J^?JI ^Lu <1£JL? 4j CjULc. 

p^j ^ij^ ^ (Phagemid or Phasmid) ^ojlall J i^lall ^ ji^ 

U sjIc. c(16.4 J^il) cs- 2 ^ ffr^ (Replication origin) 4ic.uj»JI 

^Ua3Li-a]L) E. CoU LjjSSj ^jflj .Ml 3 ^iLa]l £-a 4_jL£i]| fl ^jlo jj^J 

' ac-1 1 w< ^ ^ j-a J^aij dsDNA <LaJI ^Lu Jloij ii^la]! ^^c. 

^LaiLi Lji&JI Ijj .^Laj^lJI <_> jjiisll (Replication origin) 

J**]Li l^iui fl (Replication origin) Ai&LjaJI ^ij* jli fl j&L^JI 

<l^aJI DNA ^LuV 4i&LJaJI (JJjL lil jLi a^jUt J dipj 

.ajIlSI ^j^- ^j^ls .- a**^ ^^Ao^ u- 0 ^ 3 c5^l ssDNA 




F1(-) origin 



F1(+) origin 



pBluoscript (-/+) facZ ' 
2904 bp . I T 17 

t^Tmcs 




ColE1 origin 



.iliaJI j jUi DNA jjIusj ^ Jcluu ^AuJblL JsLj > pBluescript jjA^liJ! : 16-4 JiuJI 
* jj jSjj U lia .(fl helper) jc-Low fl -3"'*; ^ Ajj^i AjLual ^ 
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.LjjjSjjI rfl" 1 *" f.""? <_r^ 4ijlju oJilj SjJa. jj DNA jjjjj fl 

£jl i_ic.Ldjil Ajlud <^t (-) j (+) pBluescript j^liA £4 cMj* 
(complementary) aIAaJI AjjsJ (-) jj .ullalt <.mr>j ^ ji&l ^ ji Ajj*. ^ 

IS ja-. jL .AJ ALlkajl ^ja&l AjJaJI (+) SjLui! >jj Uiu tj>-jfl RNA—1J 

AkJ ^UJll fl DNA—ll (jjJja. ^ja! j«j cMi lijjaj MCS_!I ^jla ^yk. T7 j T3 

4_ajlia ljjj^ aftLojj .(NTP) 5jjjj^a]| Ajjj^I jI j RNA—ll SjaL ajjji JLalml 

jljSU ^Ift SJaaU-»j| jfcLuu US ijSUjI ^jjaj yiJI IjjjjSJ! plSjj) J& aA""J."&l 

.4icL<uj| f. jj jiij^ ^Ij origin SI jjJB E. coli Ajli jj^liil 

Integration vectors <>1£jj1 cj^U 

^Luiiil ' A alia a j 4 i r^i -~» Aj_jK CliLJ jJi lilt agjLttll o^A QjvHu& A Lb a all 

(illiS JxutLujj 4 (Low copy number) aLIs ^uij j^u ja. jA\ diljuaJI 
cj\_1i=J1 J^iLul j (Insertion mutation) A^Ual diljiL j-liiV 
(jjSj jl U4 4(_>aUi. -jj-aj^j cje ^Uu^l afpLjl (jiiS3 .(Gene fusion) 

' °<~-l i alii JxaJ ojila ^^jC- ^jiaj jl " L i a all I act i aaSt ^^Ic jjla jjc. 

(jjJE.) ^ . U1 oi ' i 'J ■ 4 j\«r- Ajsjjj (Jill afriLaSI sAJs ^LaAil aJJj .ajl jaJJ LuiLjia 

tiSlj j (Single or double Cross-over recombination) ^j-O- 0 J j jiu 

. ajjoi j-ajj£ll ^^JCj (Jalill DNA S] (JjuiLujII AjLoUj (_^iijljiJ at iklml 1 

(Single cross-over jjaiall ^tlalSiJI t_nJiti]l aJU. 
(Campbell-type j-LaOjM! "Jjfal£" ia^jj LiaJ l5^I recombination) 
AukJI aJJJ)>a jj£ JSU1I J*l^ ;rU..jjl *jj clip. Jntegration) 

^La^jVI (j^jj) (J al^l (jl Ajla St a jm JJ^ (Jj^iLoij £x> (AjLuiLtt) 

(JSLill ^-a a^all Ajla SI j-aj tillil A °j i a a Aolk j-o ' ilikj 

A^jJ j-ail] J-aJ*J tiiUj (j^i (j£-a!ill .^LaAiVI (Jjj-a^ ^ i i llL s^jJC. <JUa.V 

jC I^JS ^LadiVI aJ ^gjll AjSajl f.la!ijl lillj Aau all .JSult I SC.1 ■ aJJ ^.ftuii ojl^)^ 
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^gJJ 5iLjaVU tJSLill 4i&Lia-aJ ^-n.uU V Jj ajlja-SI ^J- 3 £9 J JWJ^ 3 

4-ajlLaJI 4j____| eijjJall aj* ,J .^JljiSI .LjuijJI (fl jJaJ jLja-all Bjbj 

^jjfc ^-a-liz-ll J^- <3I--SI (jj jj i^La-U^I l$J2 ^gjll (_SjJa.il .1 i axlS 

^La-U^l Jj L aa ^j-o .iStiS! (j£-aJj ' -C.1 ■ <3luI (Jj- ^..Ifr ^1 Ijlaj SjljaJI lilSj 

2________j a <i i <i Jclaill tj~^i JLajtLuU PCR SI Ala i aj I ij^UJI 

t (^l DNA-J! a jaj J aaJLaJI DNA S] a _jjLa-a]l ^»_axu_&xjj£i]l 

^j .jjU^ll DNA— II jaj a^-j^j Ai^l DNA— U Jc-^ Ls^-jj 

JjSUaSI ( _ s J«Jalaill ' . 'J J SI ^jjaij-ajj£ £-a (JaliSI ^La^jl jx aLkjJuiS! 

iaiu tL-a.^La^ll jjaJI AjJcli <^aJ ^Single cross-over recombination) 

<uij JSbll j^S 4j j.aa.JI j Aa.moIoII (A^jLiLall) A ■ ajlaJ all DNA SI £^=4 ^^Ic 

jjaJI jl£ Iilj .(Homologous fragment cloned into the vector) 

axj _jjL«aaj (jla t(4il jla! ^^ic <uiiLaJLaSI O^Luiluull) (j*a jiia JJC. !>Lal£ JjiLaSI 

• ((I) 17.4 (JfLuill) ^jjjo_»xjj£1I ^^Ic Cjjj-all (j-a (jiiLalc. (jiia_uti ^LaO-VI 

<__ijia aa.1 ^^le (jjplaltll JmLi'lt JxiaJ 2J jfllJI DNA SI 2. US Cljl£ I jj j 

(j£ aja ax (jj^J AjjUillj 44jlj__ aoaJj A a ■ ui ^Lad-VI ^ (jj£!Lu3 tiasa (JJaJI 

DNA—SI <*____ c__i_; |jj U .((m) 17.4 ^j-jjSII 

(i—sljlaVI (j-a <_$l ^^Ic. dxiuS) ' a^luixJI Clsjj-all 4j1__,|j 2 , A cj^Luiluu 
'((^) 1^.4 lJ^^SI) (» J**> J-° JJ^I U£?^ L>* ^ (jSb (Jj^aaj (jla 

(Single cross- jjiiall t _ 5 *LlaiSI a , ^, ciiVL«iuiVI _>» 

^ U£ t (Clean deletion) t ijM ja^ll aJ^c 0V er recombination) 

(_£l Ajl£x ci 3 ^ (j' UJ - ^ j»>uij-<ijj£SI (jx 1 la a (Jxiiluij Al\j] '"'j^ (18.4 (_J-L-^' 

^ jJa ^ jjj ja. jA\ (jjL-luuSI ^L_ajl ^ . (Marker) 

LlIsJI *.lijj| tdlj jSjj 4 (Transformation) JjjaaSI (_5ja4 ^5 4JSUSI Jjj_aJI 

(jl (jjjj 18.4 <_J-S-kiit (jl (jx ^c-jSLjj .jjii*SI ^^jtLlliil ujj_il!iSU ^LaiiVI 

(jjiibj 3' (— a^>iaSI (_L-aaj Ajlj e-^^-o-SI (jji 4<jLa*3lj ali (_jjll jA 5' i—a^^l 
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Jll»ll ^ - ^jjJalaill L-ujiat aJ-oc (J ^U-Jij J jjilll (jjijlail ujj (Excision) 

ajLc. Igja c^L " ^1 l£UJ (jS-oj .3' t-iljial jjj 18.4 J£**M ^ 

d ^ ^IjIIjj 4<xiLui sjLal L=4^» lWj JsLill I^J (Deletion) «11 




(i) 3 ilia a AaLa. bdaSj ^UHI JiU ■■' ; jjiioJI ^aLliUI uluiUII Aajjj : 17-4 JiuJI 

JaLjjl £3 jjj 5' uijiaJl ^juali (u) . j^lujjjIjJI JaljJjl j a ■ ajj j l( J^l£JI jjaJ! Ja»j Axlaa 

f Jj jij^ OriTS .i)jlinn&t cSJJ»JI Jtux»lJ (ijliaJI £ya. =AbR .<Lli|j (j) .^jjoijjjIjJI 

.j» >ujJJjI jJI iaLuJ RBS jaJI 4a.j-&3 i oa 11 
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4^ jljLaJ* 



>' Unit -j- 3' dink 




lacZ i' Dank 5' tank 

J -■■■v.i.'... I jLi«l^jlM jiij^SLL^ 



»' (clean chromosome deletion) fyM^jjA] i_aJai 4jL»c. :18 4 JLuJI 
(negative selection System) jLiiiVI 4_ajJai» » jLS <>*j ^IS gUiil JaU 

. Ui'll (jli cijaiaJI .Ula'ti i . s<:;\*\\ SJLa. j^r. 

J) — !\ J-iiiJ J Allele replacement ^Li i_i j ^ jjj^ll 

s^A J ^JJ La aJllt ' a^frjuiflll DNA II (j-a 'i.Ii.lj 4a uij (o.Jja]l 

(jjijl aJLa DNA (JjoiLjilj ^yoiyaj^l) 1 jm DNA (Jj.iiL.ilJ Jt JJLluil Ajliill 

^jj .(Heterologous DNA) t J t^iL*^ ijaL J^j (Homologous) 

4*ia3 J^la Jc (jjL hL n"l\l £-a (jj^jLia (^La.li^/1 (JSlj J) (jjluiLuJ g-aJ 

Jj^aa. oj& j Ssc ijj=J dljjj-<u jl (Marker gene) jji>a cjj>aj 

^-a^ <-^i (j-a ^tUll i^La-liVI (JSlj_a j»JJ*u j-ajj£ll (jjj ^ j.Sj-a ^ * LI 3J ■ . U^Q 

.19.4 J^iJI ujjj La£ (Flanking region) u^j^l ojj £ J-A^l 

^jJc JcLuoJ <J£Jal! ^ <1*^.J JjjaJill 4-iLaC. <Jj3 JSLlJt ^JaS a jiai. (jj 

(jV ^jjoi_o-ajjl^]! £-a ^ j.jj-a]l t -« jalSjll i_Ajji\j3ij L$j3 g- 0 -^ ^ <_gJ^ frlSjul 

.£lj]l (j£aJ ' jn.^U 4ii^a Jl (^.JjJ Jjilall frill t-Aj>2ihllj ^c-q^I <3U. 
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(Jill ^jJaJI ^Lia-al] <AjlLall Ai^a (jl^ai J!>Lk (j-a ^^L^/l Jalill ^jUc (j* 

. c UiiVI ^^V 1 DNA-JI <*La ^ JaUJI 



Resistance 
gene 2 



1 Ojli* ji» p»J| 0*» 

Resistance Insertion 
gene I gene 



l inearised vector 



y flank 



5 




? flank 

5= 



Target gene 



I 

Resistance 
?' flank gene I 



* /#IV*'I 



Insertion 



y flank 



Double cross-over) Sjjiil JljjiwV £jJ>1! (^taoJI i^hfl :19-4 Jlill 
(recombintion for allele replacement recombination 

Genomic and gene libraries 0#?JI cAjZIaj 5.5.4 

AjjjjLo (Clones) JjLaij <C, j^a a (je o jS-JC- ^gJ* 4_La jija SI 3 iiS all 

2 -Us ^jfi (Probability) JLala.1 ^^ic aJLiloII jla 2_iLa*JI 2_ja.Ull ^ 

(jl (_gJtuij j i A ijS all ^^fl _&a. j-o ((jjai-o jl) j» II (j-o 4 JJa a 

■* " f 

Ujjt^ajj ajjI jjic. DNA ^La (jjjia Cf ij 1 '(Shotgun cloning) 

IS 2j<j'K^ Aijjiaj 2jj| jJixJI ^JaSlI tdlj Jj aaJ Jab 
^gjaiSjcll 1 g i "*' DNA SI (j-o ^Ia3 ilJjJ (JjJ-^a (j 4 " ' "'^ .'"'^ J-'' 

(^ic. jUj&VIjj (Reverse transcriptase) (J-&JI £^11 ^jjl ; U aj J J j 

J^jJI RNA-SI 

Analysis of genomes/proteomes fjjjjjJI j fjifc^ 6.4 

jl ^jjji_»^jj£SI ^^Sc- Ijjjj^jSI Ajla S "Luljjll CllLa_4l*-a]l o^La 
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ClAjlsj (_£>La. ^ys dlLajxu_^j AjiaJ^. (Jl£joil ' at ujj£l j . s-LalxSI 

j!5U.jl! cjU jj^B (Physical map) AjjUjjAll Jail jaJ 

(PFGE J pulsed-field gel electrophoresis) <^a^l lS^I ^ ^Lj^lSI 

.DNA— SI <LuSlii Siliij 

<^ JSa. ^Lj^SI <£U J\/'<M&\ Ja& >ll / DNA-SI 1.6.4 

DNA Finger Printing/Physical mapping/Pulsed-field gel 
electrophoresis 

.ll-laoS At jILa Jj^>la ^ J '..'f SI J^S (JjoiluiiJI Ajjl^p jj^ t j£.<uSI (Jj3 

La iljjJJ^jSI CjV^Luj (jJJ AjIjsSI A-a.jJ -ij-^J ' '""^.'J [S Jj^jSI 'J'..? SS AjjLjjaSI AjjjII 
.AjjjVI jJc iJjL.nl j J ^ Ljjj^jSI Aj_aio (jt ■ Luj£3l ^ AxlLi <Ll*aI (J^Ai 

4 _ ff liil iPFGE SI Ajlaj JLaxJjjjL) ^jjjj-a jj£1S AjjLjjsSI AlaJjaJI «.Lu (jS-aJ 

Cp (2000 kbp Jl kbp 30 c&) W s DNA ^ j a^I j^l U jjjki 

^33 SjJjSSI DNA SI £-SasS <j'Kj^l j^.XMI ^^lij Jaj .(J^xjSI LjJuauU 

J)j^)lSVI j»^Lo (jx <Uj£ C)"' a ItJJ^?SI L>° DNA SI ^l^)iiail ^aili Aii^ja jJjiaJ 

in ) , J DNA— SI Aa.UJI ^jc j 4 (Agarose blocks) 

^xj .(s^ 30 10 c>) I VJ ^US V ^Luji JLaxluL (situ 

lilSi oxj jL^4 ^(Agarose) jjj^VI <J j <itij jjjlSVI a1£ ia.^ 
A-iu .(Oscillating electric field) t_iisjia JL>. ^ ^Lj^l jiU. jll 

JjAxjJ DNA f-iSj^- lKS <_£ jjjjJall dli jSI (^Sc (J^axjll Lj^axj Cp CllLjjJjaJI (Jj-ai 
(J_alal Ij2 j sjjj^SI iJjllj^ail ia.lj ijjxxall ^^g^ll (JflaJI 4 _ s Sc «.Lu ajLui* sLajl 

"-'i jajSl jLjI s^xj CiliijaJI (Alignment) eiLa Ai .ISai Lp^L^j (jjfL JtiSLj 

Axj) dllll^ab (jjj (jj^jllj tS_plj j^Sai ^Sl ji (jj-aJ^L DNA SI £-Sa2 Ljia 

5i«U. LjiiL (Transformation) Jjj=^ j t^aSla « ( «Ja2 CjLLat a^jL (L^Sjt 

.Lpjali lilli j A^jLII DNA— SI « La "ijiial 
CllV^LuiSI (jjj Ai^LxJI jLua.V AjLa^aiiaJI 4 a i aiSI JjiaJ C$jb jJ_alaJ 
AjoiI jj j (<lljVI J_J^-Sa Aj3l^>-a£) AjjLijSI CllLuol j^SI (^>4j>-^ lilJj J AiSlii-aSI Ajjii^jll 
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. (Heterogeneity in natural populations) jI j&l jjj 4*nMI tiAitokVI 
J jlall J DNA ^JaS j> jjiJI (Banding pattern) ia5l ix»j a<uju 

(j-a £cjLl Ia& iajljjaJI SaAJ j .dl^^iLuJI (jjj 4_jL£a]I 4jjoIjJj (_pal^aVI (j^aJ^util 

(Restriction fragment cjLajjjSfL DNA— II ^iaa J f jJaA ^ aC - 

PCR— 1L ^ ■ SaSll <jjj^ J tRFLP J length polymorphism) 
JL«iuL (AFLP J Amplified fragment length polymorphism) 
Randomly ) PCR— L ^ > 3iJ^ if- J Jc-Lij cAjjIj 

i— il j Jclij CjUjIj JLaaioiL (RAPD J amplified polymorphic DNA 

(AJaJt CjLLjjjj JS) ^jjjjjJ Jjlaj 2.6.4 

Analysis of the proteome 

<aJj a3j ^g^. (jjlS CjIjjj^s (jjj 4i>lx]l (jc. a jJJj^jjII 4_uiIj.} ' ° ljjSj *J'J^ M 
lllla aaj I al uSjSIj * J 'Jf il <LaIm j-o > " '/'"ill ^lo 1 i aj| ^C-Luij La£ .AijUa j 
ClsLuaJI 4£ j-aa-a i(Regulons) jl liljliall JaJjJall Clsl jj CjIjjj^II 

(illiSj t (Regulatory proteins) JajLjall jiijjJI 4juJaUJI ojjjSMj 
tojLiVI ji^j ^1 (Stimulons) J tdjLUI jjaa^ll cjljj CjIj J>a ]l 

ii. CO// SI Ijjffij '^"i ^ laja a £-a j^aJI Jclij ^^Ic. IjJ JcLuj 

4400 J ^ tMbp 4.6 "Laa^. La jjja. 

^J^aj CjLijjj^JI tJmlm*i (JjLall 4jjlLa AjjIjJ (_J^iLi. (jaj <J^li-a]l t_ ijLaall 
ClAjij JjJI (j-a ^^iij La] ^jJaJI JJ^ll Lai . dllijj j_)j]l liilj (j-a %60 ^ ja. ^ij^J 
lift ^ Ij^loi* Jljj V CJaJI jSlj tSijja-a JJC. llllljV (1800 (^1 

^_5^kl CjUjIS Aiilaj]| 2 \j* ■ "'1 V'JJ.'^ (j-a ^ luiill (Jjiij ^aj .(jLoJI 

^j-utnija La_pLlj£jLa J!La E. COli SI A JJ^J JT i ^il La tilLaJ 

•Mbp 0.58 ^jiLa. CjI j (Mycoplasma genitalium) 
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jji ^ cLya. t(Antisera) si-Ja* JL^J Ciji jl lit Western blotting 

(Sodium dodecyl sulphate- SDS— II .ii^jSUjjJI (> ^ 

polyacrylamide gel electrophoresis) 
(Nitrocellulose) jjll^ jjuti <> *Li& J& cSuj pip tflli cAiii jjJI 

(JlLa) >1 i '— a (Jj ax -I ^"i, ,.l j J.la_a]l jjjj^u]! Q oda uiu ^ail ^aJ .(Nylon) (jjiAj jl 

Labeled ) ^jjjj^ ^ ■ '— a 4 Lu J j; ls^' j ( jLii.n,«JI 

.(secondary antibody 

(jila^-a (jilljaj jj^i ^jj-a (jc- a jljc jajij <jjI^)^] (JjJaiVI Ail^lall (jl 

Two-dimensional ) o^UjVI J o^l JLj^I <j^U jll ^ J jVI 
(j^uiJnll ajj!j]I j i (2-DPAG J polyacrylamide gel electrophoresis 
.(Mass Spectrometry) ^ijUl aI&II <_>Jja Ajliii CjUjjjjJI ajja <jc. t-i J& l j 

lg ■ '■— > ; (jc Ajla SI ' alaJlubttll dll '/'JJ.'^ (.lllla (J i 2-DPAG ^.mjii 

£C jj^j jjLa]j£YI (j-a Jc (JjYI sLsjVIj Cjl JJJJJJjljjll jj3 Vjl jaJJ . (_paxJI 

Jc c-lis CjUjj jjJI dua. (pH gradient) ^ j^aJI 4a. jj J ^ jjj J& 
jja Jl ^jjj U-a ^(Isoelectric point) cAjaJill ^JC^ 'il&i ^ j pi 

J ( (J jVI (j!)la.JI (j^ Aajlill) 4a. jlll ^jJajJ lillj JXJ . Igjlja-ui i lnii CjI JJJJJJjljjll 

jj£ dij*. jO S U2VL; SDS-PAGE JWj^I u^U jll *l ja.Y >i pu 

jj<jj plgJI J CjI JiiinJjjll (j>la.j (jj lg^ala.a.1 ijm-> CliljjjaJI 

jja_a innnljj Jc t_ij«j]l (jS-ajj .i_jjUj]I J^iLk jja. Jli (Reproducible) 

.jgdajuj ■ ad £^1 ^ "'J al ^_^aaa <L&uilj 4.t-iji.<i jlj^i jl AJuxa P 1 3 ■ a| (JLaxluAj 

i'a il U a]j Ajjjiii1-> £t^al^)j ot* > "Vj CjLa!)l& S^XJ L^ljjlLa j ^Ljllill loua jj^-aJ 

(_>bju ^lijj J ^L^UJI Cil jjjiill 5^1 tj^j tSlSji j (Warping software) 

jl _4a1I (_pa*J J Jl 'dy*- 0 ' jl ' ^ ' — ^ _a*j l_ ^J^>^ a ? ' 1 " ^ J^>^l 

^jjjU lg-aj '— ft j ^iLgJI (j-a (jja-a (jJJj^)J "btL |» jij (jl I IjS aJ La£ .AjjI^iJI AjIjVI 

MaSS ) tj'J^ AlSSlI l>"^ SjlidJ t-frljjA ^J^ajl l^aai 4(j;iuLjjjII 
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Matrix-assisted laser Jliall Jjfu, Jic iXAc cjlj (spectrometry 
Electro-spray mass J MALDT-TOF - desorption/ionization 

•spectrometry 

Analysis of gene expsession cr^S^ J£*^ 7.4 

(cjIjJI 22c j) Frequency -"Jill Aj-^ (Promoter) cdjaJall ^jL 

jj-oij .^uoiill caj CjIj^ j^c Lajj (Transcription) ^uull JiU. sj^Ll! 
(RNA RNA— Jl S >al> ^ jjl ^ ajIIc- t_ilb Ajjiill cA£ y±A 

•polymerase) 

(TATA box) "tits jjj-ii^a" ^-ojou tdja^ll (Consensus) y^W) 
jjiui: £3 ^ ^jViid j3t AiLij ^ (_^i3t (5TATAA3) Jj^luiill jAj 
-10 ^akiall ^1 t bp 10 JUi (Initiation site) ^a3t 4_Lsj (Upstream) 
-35 AiLi- ^ ^ (5TTGACA3') >t ^Wj lU^ <-10 region) 
itiLsj JsSVI J-uiiuuIl ji ii)j2>-all j& ij jaVI tdj^l jl (jjjj .(-35 region) 

(j^lJ Ajjl£-aj J£.uu .bp 17 ^IVflU AiLu-all ^li: i - Ua -35 AlJaiall j -10 Aiialall 

.(j^ajiil j Ai^ll Ajllc aApC Clljlsd 

J>« jJI RNA-SI ^uu J^IaJ 1.7.4 
Analysion of messenger RNA transcripts (mRNA) 

4j^ii_a Jj^la Cjitj lilljA 

Nuclease SI '(7.4.4 ^laia) UjLu ^11 Northern blotting 

(jiSLjiall ^ . Primer extension analysis Jcliil! '<jAj lhj^ j mapping 
(Transcription initiation site) ^-^1 <*i>* -ij^i u£j^' 

.Lo tlljjJ AaluuII RNA— II Aj-^ ^tUaVlj 
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4 U,„lji i ^ 1, „^ RNA SI CjljJ^a. "uj5j_jj j" (J a i <aJJ 

j^la iLaXj^l J (Agarose) jjj^ <> ^ ^Jtsj^lSI u^J' 
j (Urea) Iijjj j (formamide) jjU-ajja ajJI > 'ij.^l (Polyacrylamide) 
Secondary ) ajjjIj ajjj ^jSj £-iaj ^ (Denaturing) A_Lu,la jI ^1 
jj& jji ^Jj <ji$j LjlidWI ,jV tl^-ij <_J& a!±J\ L_aUill ^1 (structures 

Jjj^JJ (Blotting) js-i-ajll ^JJ OJA jjASI AjUr. .JxJ .CllljjJyaJI <_1_&1> £-a L-LmillLa 

^jj ^ (Activated nylon) -k-iil jjlAj <> RNA— 51 

c_aJ£ ^ ^ .(Covalent cross-linking) a-iaaLuj XJ jjj *Lii]l ^ Lgimj 
JLuujoiIj c*Uj j (Hybridisation) ^jjJihll aXlJ jj RNA— SI t>> ^^-a ^ _jj 
(labeled DNA or RNA probes) RNA J DNA <> jUu^ 

*Uj1 .v^~.,A RNA— SI JuiXj J jX> Aj^iJ .RNA— SI j-a (jJ*-a £ jjS AiuiluU 

<> ^1 (Molecular size markers) ^Aj j?JI J _?XJI CjI j^>a Ajla*JI 

<_j_ala Ai^txs (jl . ^_&S*-a J,^ 3 llj L$JJ^ J" A ' SI (jna CllljJ^a. *ic. jn^n 
.^tjaiiJI o^j jl CLljj-aSI AjKjA (jc. oAla. 'ij£s i—J RNA SI 

La^jli (Primer extension) t^LJI JjjX^ j Nuclease SI Ijjj£ t»! 

cjLkjjaiiaSI jl J jjj^)SI RNA SI CjIaj>i.h1<J 5 ' i— ijla qc ( <jtj jAl 

JSiiJI) Nuclease SI mapping aJU ^ .(Primary transcript) ajSjVi 
(> oj^a aLuU ^» J^ujSI RNA— SI (Hybridised) u^m^ <»3j (20.4 
ajIoj (Overlapping) J^l^jj 5' c_ajL ^ aJ^I ^Ul DNA 

RNA SI (Jjj (jJ^A (^Sc- J > j A^jjjSLi .< V^'unoSI RNA SI ^j^uLa 

<a1i=J ajjUI 3' til jU rej DNA— SI j 
^jj (ilSj a*j .a1i*JI (^jla.1 j'^-^ii jJoSj j aoa all (Nuclease SI) 

ssDNA_SI J> . LSSM ^ ^ RNA— SI aJ^. aJIjV a^JUx 

^>Ia (_i ^jjUj^SI (jvLi,jll aJ-jjIjj (CijIjSI 5 Aijia ^^Jc ^ jjujaSI) »;"'"^l 

DNA SI aXuiLi j-a ^Sjoli Aj jliaj ijj-aXjSljSjj j-a (Denaturing) 

. (Molecular weight marker) <^jj*& j^^S 

198 



(Primer extension Je-^l Is^-i Jjj^j J) L»1 

(jjjjjKjjjjiJjl) JcUj JL«iJ alia t(21.4 J^l) analysis) 
^oiill ^ 4Jaaj jili ^j-a (Hybridize O^-s^) f^^j 5' <_sjlall ^^Jc. 
cr !c *lis 11a Jc-UjII ^Jib <_k>^ fjj ^ .bp 100 ^1 60 ^ (A*ijlall) 
(Reverse (jr-^l ^ jj' RNA— SI <J J^LouJI 

Complementary ) J^6lA\ DNA— II liili ^> ^ -transcriptase) 
(Ijh cjlj RNA—SI ^ <> 5' UijUl j2j y-ill (DNA 

<UajJ jj J e& «\\ DNA II (Jjb (jC. i <i*&\\ ^JJ i^lxa ^° J^J^ CS^ - 

IjAj (juaj JLmlmtjl DNA SI <LiiL.ii jj^s ^LuJ 4jjtLa t^bj^^ll 

.^^jjjiJI ^ajail jjije 4 ^ (Jclidll 



DNA LL 
mRNA 



Promoter j >* 1 2 <jtf* TTK 



I 



f 4 mlVi ... mRNA <ja* 



5-j(J»-DNA^i^ 



SI 



^Vt —j- I 
I nuclease X 

'npnm; 




A*Iai ^4 RNA—ll (jk^j .SI nuclease JUxl^U j^jJI * jj ilaii! ikiji : 20-4 JiuJI 
duaj DNA-JI 4*Ja£ jUiil ^ .5' cijiail Js. KAy^yij (denatured) a^j^u DNA 
ijjSj Ulu 4 ■ RNA_!I ^ILIj JuAual (complementary) iULa 5' ci jiaJl 

(jj^-ll f-jj^-Sl J>uj1I RNA—ll AjIaj Alaij j*j IjImj UjU 3' cijiaJl 

(>aiL*S nuclease SI pjji JluiwL L^aA ^ 4j±>JI uil >l ^ RNA/DNA 
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SJiuil Jj&A DNA_i! 3' uijJaJ! liuiStt ^jj .AllaJI ^jLa.i JJ^ISI jn^ll gjajL 

^y&S Aluiuij MJjUaj cJj^LjSUjj (> (denaturing) j^U ^ ^ ^Lj^ill <£L*jll 
. ((JU^S1\ jJaall ^ xiau ^1 jJaj j.LuiSU AijjJaj) <ji^&l DNA— II 



dnaC 



Promoter 
_£ 



I J* 
Gene I 



Gene 2 



TTE f-^ijlfr! 



mRNA 



r 



dNTPs 



o 



jJ" cDNA 




Primer extension .^jjui J>"j RNA ^^1A Jeliill ^jL 4JUal Jjlaj :21.4 JiuJI 
(AujjlSj^jiJji) Jclij ^jL ,>xiu4 .analysis of a specific mRNA transcript 
aLa! jlij jij^ <^a RNA—ll (hybridize cjH^) j 5" cijJall ^ 

j«u2l jfciji Aku.1 j&uai ^jL Jjjk; j4j j^i .bp 100 ^1 60 ^ j»j (a*Sj1»JI) j^ll * jj 
RNA_!I <> uJla ^Jp DNA S j^L ^yji ja j (reverse transcriptase) ^^uiSnil 
jjjjjI^Jju (> Ajuj^I ^l^Vl AiUal Jllj ■ .■ tu ";j (RNA dependent-DN A polymerase) 

(complementary DNA) J«i«ll DNA II Alia. S^aL <_ia>u .Jcliill AJji (dNTP) 

AkyJjj (cDNA) jliall DNA—ll JjL JjJaj £ .RNA-JI <> 5' uijkll ^ 

^jL jjaii JLaLLuiL) DNA—ll AluiL* ^ys^ p& (2 j 1 jaA) <>Wj*^ J\ 

AaiaC. iliilj JjVI JjJJjlSjiill ■ ■'<; AjLaJI siA ^luj . ( jjjjaJI 11 (Je-IAISI 

Ljj*ill 4SUu jli dlil .(semi-quantitative) <Uu sja JjKjII 43jji> jjju . j^ull 

j»aall ^ ill) JAa^ill Jj—jll RNA II <Ua£ S^uiUa j-Sxj JfrlijJI ^jLl Jjjki AjLiC. JS <>» juLill 
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Gene fusion technology clkaJI kufc 4.7.2 

-J SlajtiaiAll CjUlijll aAi (j-a (Reporter gene) jf^l "Luai a*j 

All (jj^WJ^ U^?-^ UJ-^J LaJift oi& J-ojUjjj ^-llaJI Jj^"' 

^ JJa SI jJJJtill 3 iajl i all (J^al_&*JI 4j_a& t 'l.*^ ^gJc. -IC-LoiJ <Lu:lj.}ll Jj3 (jJiJI £-a 
(_g jluin ^^Sc. ^ - iia St jjit"iS1 4_uiIj.} Q±q ■ iUJ lilt llait ^laaSI 4_jlaj jJ_&IaJ ^aJ l^kj)-a 
£ijl_&-a Jj^ajj IxilaJI (jjlJ <_silii.VI j-Uaajj ^Jj^J ^■-■n.i.iLj La I^A is^l_j]l AjliJI 

Ajla SI ^ Cllljjjjjjll 



Targe! opium: 



DNA 
niRNA 



(promoter) Jij 



I CM* 



20* 



3 ir 



TTE 
ji 



rbsl 



1 OhjjJ' 



rbs2 



2 



(Transcriptional fusion:) 

Reporter gene 



J 



X 



rbj 



1 jyfC&jji 



2 Jd^jjJ' 



(Translational fusion:) 




(jjaJt jtuti jxu "/-a i /. aa II alaatyl <UIa -j^^-a £■« ^s^all ?IL :22.4 Jlslil 
JaLjjl ji^a al atj a±i jia «It ijjaJI t *- 4 ^J^ O^J " * 'fl'" U^^' 'SSj^- 9 j;^ «3t 

jja «3t (jjaJl t *- 4 ^JJ "ty^O^" ^ it alaal^l 4JIa I -*_;; .4j (j^liSI aj^ujjJ jJI 
JaLjjl £&>a Jjjl j;^ »fl jV " * 'fl"' ""^ lW^-^ ^J^-W^J^ ■^W-'j' 'sJaul jj 

.(1 I ° 'fl"' ""^ (JJ^JI 'La^jji gja t^lt jUa^l alaJiil aJj i4j (j^aliJI a_$*jijjj| jil 

(jj^JI J>a (jjjjjjJI ^a aaalaj jJJJ-a 1 jjjjjjj (jC a jUfr j _ f A ^ n - ) 11 Alaahfl |JA Aajjj 

. i ii ill Ji nli mj ^i! TTE J^jj . j;^ ait 
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j»Laa!VI ia-aj (I) lojiatla AjjmLuil j * <il 'ir. 4j!/Ij j;-*- all jJ^ll 4-ilaj ^ i <aS£j 

jjaJI ^jj (<_j) jill J ^xajlJ '(Type of fusion constructed) ^^ixall 

Jclij jl i (JLk^al jl tdlLajjjl (JLmlulj) j ulill AajjL (^) . <J-a*JjaiAll j^ all 

(Cytochemical assay) ^ _*k 

Type of gene fusion <jk^ 

J translational) Lu^-jj J LtL^" u' ls^' ^UilM! jlaj 

" LS ^A\" ^ .(22.4 Jifiil) (Transcriptional 

jiaJI (_£ jiiJ (jl ' ; l^J j " a^frLuball (j^?-5l ii3ja-a £a_a-a ^ jja alt jiaJI 

4jk JUa (Ribosome binding sites) ^ j^jjJ j J 

"L}a ■ "*" j;-*. all (jj^J ' lija ^L^ilVI j-a ^ _jill I^A ^ Ljjj£j1I 

jjaJI tilj^ AJUij JaLij 4_Jjj iaaa Lu£aj (Transcriptional reporter) 

jAxjj La£ "Laiala j 4 lajl i a 4jJjJjj£jjj ClDLuiluU j-a jH.ll tjlxJJ La j I '^'"-^ 

(Post-transcriptional) ^-oJI a*j La ^hYill j ku;-ill <J jj <iUJ 0 3a 

osJ r U3ll t(22.4 JSill) "^Jdl" ^ijaJI f U3NI Uj 
SjLil (Reading frame) I jail jLLI j-aj i_a^iauJI j^JI jji-»ll 

i j^*,,n»\t jjijjJJ j<a jjl^A jij jjj £tjil fLa^Jdllj ^r.uiill .IxJ .4-a^jdll 

jjjjjjll ja ^ji. (N Terminus) N <-i jUI jjSj dip. .j^ll jijjjj 
t-iiikj .ajjKj j±a-«ll jij jjJI (C Terminus) C ,^1^11 <-ijlall j i-J^un^l 
ja^a _&& ' ° ^ II jl£ I ili .(Juiaall ^jj ' a-lfrLmxll jij jjjII j-a j?-ll Jj^ 3 

jj£L ja ■ «^'"'"H jijjjJI J-a v jaJI jli '^J' 1 ailll 4-jLafe 'J^*'"' LaJ i <a 4_i£Liil£_L<i 
£3 j-a jJSs ■ q ^ II jLS 13) Lalu .4 in J ^j^aLa^l a ^Jl ja. tljp. I JJj^a3 

^-a !iLal£ jijjjJI g-aJ ^jjjiJall (ja jj^J ^flS AjLkll ^ t V^*ini<ill JJJjjjII 

.j±kJI jJJjjJ 
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Reporter genes S jjaJJI £Aj*aJ) 

I " ll jja St jjj O uo .aJj^C 4jjjj£j £-1 jjl JLoj'ui-VI 1 " i l}a SI liSSj - Ia» a 1— bail JJ < <* '_;» a 

E. gi lacZ Jo- (Chromogenic reporters) <j CjI jii-all liSliA s jf^JI 
wi£ (jS-aj ^iSI j (P-galactosidase) j^tiK p ^ jit ^iSI coli 

' ° uiS CjljLoi.1 ,j (J^utluij a^fa a i " '1 jja Ljajl liSljA . j_alll JJ^ij (jj^ia (jc- 

<ji jlLJ! tiSlj j t (Enzyme assay or immunodetection) Amelia J ^uji 
j.jliall (Chloramphenicol acetyl transferase) cat Jia ajjj^J CjbL-^all 

Ajlaj j <LLajjjl (jjj^Ja (jc. a 1 ^J"*- j»JJ (^iSl U J^j^ 0 ' J jS£ ^5 J^-SI ^ ■ <a alS 

Fluorescent and ) *<^^\ j ^*3I U^ajl jSii "aJ^M\ 

(jjjiiuij] JJau ^jjl ji^j cgiJI luxAB jSij Jliall Jjuu ^ic c (luminescent 
c^iSI gfp j j^alS UHa l^ajjj) ^Iclij p jjau ^iSI (Luciferase) jJ jjiu* jJ j 
liSli jc t inftfl j^jj .(Green fluorescent protein) l*^a ji>ij 

'(Spectrometry) c£jla jj&fui - (^ijiaSI JlaalJj SjJa-all ClLuaJ 

^ j^?-aSI jj-iiaSI jjj^ j' (Luminometry) jia ji^ajJ - gjjj^l <>Aj21I J 

.(Video/ Photomicroscopy) 

Genome-wide expression profiling f jijaJI J^lSJ ^jitaJ ^ 

t> ^jLiSI RNA— SI o& (Transcriptome) *y*£>A jj ^Ik^aSI J1*j 

AjLsj JLaaluil ^Li ^al .La dlSj LljiiSJI (JaJj 4jkjjaii-aSI dlLuaJI J£ 

aL^I^JI CjI jjiuSI <uiiaS (DNA arrays 8.4.4 DNA—SI cAi 

a iaJLoiJ jl j£-aJ .o^.lj 4j^)ji-a "Ll^aJ ^ lilljj 4^ j'J?- SI (_Lil£S ^ iia SI jAlajSL) 
jj*-a lag ■ '— '')■> II jjjjlIIIj Alk^iaJI Clll jjjljJI AjjlLaS vlla AjlsdSI sift 

(Nutrient ajjIIc. sjL ^ (j-aaj J (Oxidative stress) jl^a 
SjaL cii j^a. - '^S1 jjj«j1I ajSI AjliiSI oaa La£ .deprivation) 

. jxaiaSI CjLlac- jl Macrophage LiU. Jja ^ ^UpSVI ^Lul jl t<ii*-a 
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jU Jj^aaJI j 'CjLkaJl 2u»& 8.4 

Engineering genes and Optimizing products 

4_ia. J^utLuJ ^^lill 4 <ig <i\l Ajjlaall 4j_&±aJI CAjlidll ^ya JJJ^II tilli* 

> 

i_iil<> (j^i^j jl '(Lactococcus casei) ^ jl£ cA j^i^V <j^l Ljj^ 
Clostridium, ) ^j^jU'ijjjliuil ^jj-iijlai _»K 4_LjJ ^_&1i»J ^n. ouj (jyjac 
a Jia t^U^ill j Jji^l J U tIolII CjLajjjl ^tijj lilliSj (.{acetobutylicum 
jjjj jjl^l cl^jj 'Proteases ujjjjJI cj^U^aj .a-amylases jAj-oI 
tuULixJI till} J£ .{Bacillus) CjUu^uJI i_sli^l ^> {Penicillin acylases) 

t m\. 4 1 ^ll Clll AlaLlLa I <3l1SL1 AjLiliill O^j^oaII kill} j^l JJ-oJJ 

1 adij till.il .4jt_iilall Alnll ^ J_a^._a^ jjc. LjC-1 u ^-i Laj^ ^JJS ? " (j^' 
.^llij^U ^ Sli all t_a j^>lal! JJ2jiil 4j11£ ^j;^ all (jjl^l Jl ^3^' ^ lj' 

Protein and pathway Engineering 421 J+*aj cjjjjj^I 4u*.iiA : 1.8.4 

jjylif^ ^^ojou (Alkaline protease) ^^.la (^jjj Jl*-* ^jj) 
CjVXuJI j Bacillus Subtilis— II Lj^jj^j t> <jua£UoJ ^ (Subtilisin) 
li* JxaiuLi (B. licheniformis, B. stearothermophilus) ^jj^I 

CIsLjjSjj (j-a %95 /ji - ^"'"'J ^j] jj "— Ailal«ll ,j ^JLll L^j- 4 ^ fdj^' 

ojl^a. t^C-J 4Jl*i 4Al^)laJ 4jii}j^)JI £Alll Alljj t _ s -lc ^cLuoJ La (Jjjaiill (jjj^Loui 
4jll!lall lljLAlaLLall q\ .,jjj!>Lall ' bjajS "oAc ^Jill till} (jxi ^^jjl 

(pH) AjJa ^oa. ^ j 70°C Sj A+jl Jc dlUill ^ fUjjVl 

(Non-ionic ajjjjVi jj& > LkUlt jl S^jlLaj .11 j 8 <jjj rjlj" 
jja. jj^JI Jla SAuiS^I Jxl jjtll 5_ajlLo iillj£j tdetergent) 

^ iLij .<_U*j ^£ Ajj^a jjjjil 4\^UJI '(Hydrogen peroxide) 
jjylif^ ^jjV (Catalytic activity) L\ — 2ti a CjLajl»-all 
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jbuVI ^2^1 Lgiibj 

JaxJI ^jjSfl £^>j ^ (10.4.4 2^°) (Site-directed mutagenesis) 

Natural ) ^nUH s^^l 4*^1 ^laJI <J .(Bacillus) cA ^ a » l\ 
jAd\ cjUijj^ j> li^Lkil (ilJjj t JUij <jjaA jjkal jr^Y (recombination 
5. j 5. licheniformis j t-B. amyloliquefaciens Ijj^L ^ Ailii^a j Ajjtala 
jjjl J^A? cjUujjVI lilli Cjliia. ^Luijl a*j .stearothermophilus 

^1 ■ -~ ; t(^»j_)jVI pi jjl (jJJ CllVLala^l (J£ - ■ <aJ ^J_)SI) j^J-a^-S Q..^"'* - " lH-OJ' 0 

^jji ^ilt (Reciprocal recombination) ^bliill L-u^hSI ^jIjj-2 
LpLki! jUiit J^Vj .AiHiJ. 

^ jjVl J<J^' jJJ iffiUll j jUjVI AjISj^SI AjjjII J ja. CjU jkJI «SI jj 

jLaJI (> ^lj^jI t (Thermostability) csJjaJ CjLu]1£ Aji^jll (j-ajL^aJlj 

■ll-lajSLj PCR SI Ajlsj (JLmlLuAj . J&\ jjoiIjx (J£-u'u ^ajjjVI (j;luiaj p jjJaj^s AjjlLa 

^jjl i> <^ <-l^j f 2 (PCR gene Splicing) <jjaJI J.*?. ^ 

. jjLal - (X Cy ° ^ W * <1hW-* lHJ^ Aalii-all 

l_±bSb3l Aj-aAl (jJJ jjjJI j DNA SI JjoiLu] 4jjLLaSI ClU jJI Cjj^Jo! 

Ajiakill dll^ilaSI (jl (jAa ^ t^^I^j^JI (_^] 4-iuullj 

cAJ jJI (illj Cjj^jI jSI .JSj^JI ^ jjutlll ^jlij (Point mutation) 

PCR-JI J (DNA shuffling) DNA-JI ^Uli 

a^A l^xa A^iaJ .jjjjjjll JJjiaJ AjLsC J^-uul lilljj t(SeXUal PCR) ■ ^ 
(JLaatLul " 8^1uia3I (j^aJI (j-o DNA (j-a j *Ja3 (jJJ ^IjJic. iala ^^Jc. Ajliill 
Cilia. (Jj-uluiLo (jja. (-3 i_LL-£SJj ^-aaJ (4.4.4 ^ SaS a) PCR SI 

PCR— SI Jx«^ .Jclii t5^L£ (a^jJaJI) Lgjli DNA— SI ^JaS J^tIuu 

4_JLi=l 4 JJa A ■ - 'I jja ^glc (_^jaaJ (5.4.4 ^JaLa) Ajlia 4 i")^ a jAi aajl iiS]3 Axj 



205 



jUikl Jj jL^jj a!i ^AiliLx, CjLuaJ DNA ^Jaa t> (Chimaeric) 

Je Jlla j .SJ ji*ufl all till 3 1 all <cj aj jjjU AiaLaJI (Clone) <kuu]l 

(P~ jjjj jjj£l!iK — p U J Ajlafc j£jj A ajJa±A\ oj& (jLa*Aml 

tS^a 60 4LLij jbjl di^j E. coli —11 Ljj^ t> galactosidase) 

La£ . Jjs (Substrate) ajIjI SjLsS 41^,.,^ jfLi a] ^ ^ jj ^-a Jlljj 

Green ) ^^g-uijjjlall jl p ^a^ j^iaa^l jiijjjll j-a £ jj ^Ujj aJ 

.Sj-a 45— j J&1 <jj_j^a s jL3j c$j (2.7.4 ,*Jala fluorescent protein 

La I jj 4jjLaJ j 4-pL tajSI 4_Wol till j Aalii^a j 4-a^-a '"'I .'^J" LjjJJ^JI 
i_l£j^s (j^s <U ja*-a A^La£] A ^3 '" LjJ^J 'SjlstSI J . L-lml La jj£jlj ' lla^ 

AjjSj t_l£^aJI lillj ^l^j'V ^..'j/'^.'^ "SJ?- jj-ijc (j^-aJ iAjjLaJ Aj-aAl <_£j 
jjLic jl dllt j-aa-a J AjjIjjjjC. dlljila (j}J Ja je tillj Jj (Jj^a jdll 1 il£ aJ 

J&I jj^jj £^"V SjilaJI *.lSijl aj aj^JI CjLu1£]I o i* j-a (Population) 

(Synthetic gene) ^clik^al j^ ^Luujl j£aj La£ a^u sjLall j^a 

(jl j^ J .*IjVI "LAc- 4-a^.jJ •■— lljl-wj J AjUjtill (JjLi. ii]^a-a £-a <sL^a] 

' (**/'- (J-aLaaJ j AjjJ^ i " 'I J i <a a ^l^jj ^J-a) 4£jja]| j& £-LaJ ■ Allal iilLl& 
jLuax (J^Li. j-a "Lu^ylac- j!i£l J a al laJli ill ■ " I ^ ui aj^^l dll jjAII (jl Vj 

jLuixs (Jj_aiJ jl "Ll^Ua^aJI ojLaJI ^tijj *-^Lj (_J^I (j- 0 '^-al£ (_paJ^/l Civlc-lij 

ajLa r-tijj «L>jLi JftliSlI 

(Ajj>) JuaVI 4ilaa^ Jl ^UuJ 9.4 

Production of heterologous products 

lilliA tAfcUj^all JU-a Ajjljjll CjljUill 2 j i*<<a»U*<tl aAl j^a 

CjllLaljjall j Ajjj^JI cllljL ia^aJlj idlLajjjVl^ 4^1ii-a Ajat-Uia ^1 j^i ^Loij o^ljj 
(_J^LaJlj jjjjoi»JI j-aliill i^)>ic. ^jjiiaLa SI tjjoic. 

Ja33 o^jia-a ^1 jjl lillj^i 4alc (J^'J ' "'I 'j"'JJ.'^ ^j Afmjflj Lai . ( jj JjoixJI j 

i ^L^l ojijlLa diljlaj al iklujl j dil tdlj lJ^'J ojijILa 
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cjLu-ajtSI (Proteases) (JjjjjJI i*iNU * 1^3 ^^ic jHo . .»U| i a : . ■ — \i 
4^.Luujl j ajjjs. si-a J\ (ja jja. ^1 Jj& jVI oi-j .{Bacillus sp) 

tjji V AjI3j ^LuiijVI (jL) Laic . J^l ' °J ■ a a ^»Uaj ^1 jl Lljii^J 

iaLoij j AjlLri a i aJ V Ajli JJl»"lSI Jjj^ai. JLi. < ' . IjiaS ail lla SI j-U»jll 

glla jLajJaJ jLu&VI Loiil (j^i V S.lpC. (J^ljC lilliA (jl 31 . (jjJj^)JI 

a aj , U „N A-jla SI jliii.1 (JUaSI .e^alma AjjL^j A-aj3 (_j3 (JLxi 

^tiiVI S^jiLva iii!3 jjjjj t(j;iail iiB3 jjUsuj ^Laiijl AjajSlj[iml ja^j JaLillj 

2 JLa*Jxul (j^-aJ V Lll-L^l Jj-'iia _a& La £-a glLalt AajUa-a (_£-la j t _ s -a£SI 

(j^i Aj V Li* .A-liV-ll^ (j^al j&V <S jjLa jl j-a jl <Slxi AjjJi. ^I_a-a ^lHjV Ijjjj^JI 
Ll/L^ Acljj£ ''LiSlj <>llLul£ (j-a LliLi. ^^Ac AalsJ (J^Llj ' ■ a « ^liaj (JLuUjjI 

LiLi. jl ajjju 

kixuul\ UAjI jS j I 4_aJaSi 1.9.4 

Host systems and their relative advantages 

jl (JJJJ^)J t^£- (J jj^aai] 'i-ll^. jSI Aij^)laSI ""'^j''J*,'"'^ (J^ La ,j 

j^Lua all (jx a^l ■i," . ,.VI j (JjxSI ( J« iAj^/lc jl AjSjlaJ (_^aljC.Y \."'....^J.' 

o^-aj (Bioactive peptide iaJiLi jiIuj ilia) l^k aLSs CjVU. tAjatjJail 
Jj*J i_il jjVI uj^j^II DNA SI Ails j>S fjLvajSSI ^jj i olSI ^jic. jLucVI 

y ? " cs^ Sjjia-a JJt a J* < .' a La gJJ-a jt JjjjoiaII (JJ^-SI ^Luiijlj 

ajLLJI Si jiSI CjI j3 CjLjI£1I (_>>) Sjja. jSI i •• il SI ajI^JI .E. coli (_&<a 
aI^uj j as jj«-a j| ^ s jjjS CjLiaS gjjj (JiSI tills AauuiliaSI (Eukaryote 
(jjjjijjjl j (Growth hormone) l^j^jSI j^iSI uj-«ja j u^j^^' 'o - ^' 
(jc 4 uajaloLo cjLa jkx ji jj Sjjjj-a ^ (J t_uuiJI j .(Interferon) 

Cllliiij jjSI AXaiiuj Ajlaj CiilS jjJ^ 'ij^J^)^! (e3 a J*V"V^ jj^aLaa-VI (JjodiuiS 

Lai .^SsJI (jii jjjSI (> SjjjS CjLLa£ i.iSkVi cja jll ii!33 (Protein sequencing) 

SjxuLx (Aj^jL^ai. Aijja-a) (JJJJ^>J (^1 ^Laiiilj ^■-<u.aJ AjLaiJI dll UmallSI (jli iLSL^ 
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jl t4j*JjlaSI »jjLua<a jx ^jaOjabttil (J jjoijSI RNA SI (j-a DNA ^ ~- i aJ ^jii oj JJC 

.(Gene synthesis) <uij jjaJI . ijjjla <jc ajJ;L>a jjc 
U jjjkj ^ (Recombinant technology) Silli jl <> ^jjLi 

CllLajlaia Jc I < aijU* i IjLjjjI iiSlj& jl Vj t"L)jJj£jSI Ajla SI 3 a jJala j-«uuia 
.((jji*LaJI J*^i5l jiajl) oJJ-1?- diblaj JUtIuL tilJjj t^jjaaJI al jjJI tlllj L£LaJ! 
U jJjaJj <3 j^-uiS JlaVI jLiJI (^A LjjjjSjII Jij 4-pL auSVI 4jaJjll ja U^J 
,4_laJjuiJ 4jjI jc jlj-a Jc l& jaJ Ac Jxmj <S_j£jj j Jl jjSI 
(_gj*Ua<« Jc jl t-JJjiljSI 4jlaj j-a <ajUSI dll '/'JJ.'SI j-a ^J-^J 

AjSlxiSI 4-£J>3 <Lu£ali. 4 jjala*il (_£.lllajll ^ISjV I Jc (JflaJJ jll jjjLiaS! j Jaj| jj^aSI 

aJjLsu CjLillj ^I^lLojLj .(Identity) 4jj$JI j t (Purity) *lijll j t (Potency) 

(_>ala» oljjjl ojlc-j £-a lilSj t^lLa]l Clll jj-aj j ajl i aa jc ' kjjj^SI (j£-aJ 4.i.nL*.na> 
jl 4.1ml i ua SI ClL/lclijSI o jL)l£ 4j2 t_l jc j-a JJC- (G jJa. JaLoU j Ajjjl ^ jljl 
Sjljj (Jj-a) <slia-8 t'lSnOi j ■ - 'I Sal i (_Jj3 j« jjjla-all ojA jljSJ ^J .AjcLiaSI 

US Food and Drug Administration SaaaJI CiUVjll ^ eljallj eliill 

jljjJal jjAj Jj^j!vU (Jjliax ^Vajj^a £J^-° J^ Jj ■ <aa SI (JaJ j* ((FDA) 
Lijjj!£j1I <JLa*Jxul jx (JjaaSL jjaui<&ll U £3j La lo& i JLajtLai^l JJC 4 i a 

jjAjlaSI (_£jjjai-a £fljjl j3j .jl^-all ^Ijjl (J^Ij^ ol^ajSI A i&jSa 

jc l_LS£j Jll AjlijJI idlblij j till jLui.V 4_JL«j1 AiaSI Jl I jjaj ClUlLlaSI j 
AjjLoiSI Lil jC jJj-ajj£SI jLui.l£ tj_&a-a ji.lj ^jJtuia jJJjJJ (jJJ 4aj3j t_jli!)\_\aLl 

(High-performance liquid chromatography HPLC) *bVl <jSUJI 
jjjjJI J NMP> — SI j (Mass spectrometry) J JjIJI <Sj^I oUa j 
^j^all ^L-aial J t(Nuclear magnetic resonance) l^jjjSI Cir uuLUi-aSI 

.(Circular dichroism) JIjjjSI i.iKyimJ 

(_g jjAiui ^JJ <—sLjoj£I ^-a lf.LlA 4j _jl£ll j _J^J> jj CllVlaJI j* JJjS J 

Jjiall la^J L-UjJI Jjjj .<S Jakk La Jl AjjouJLi jrLu^l 
.L_ljjaiLaSI jijjjjSI ^Ijjj J (jLiail t— iLluil j <aa j (_paj*j Jj Laj3 .ojj^2lJ 
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Transcription jt«u3l 2.9.4 

jij jjj! DNA A*iaa (Cloning) J JLuiiiJ jl 

lDU - v 

^tjaiill (Jj* i ""' ^JJ .Ajjjj^jII «Ula SI (Jlc ^Lii! (_5jJjuiaJj oJ-la-a CjlSjl ^ jjjt'^I 
Strong ) iilja_a JjoiLjoJ jljj £3>a ,j t V^iikiI! (JJaJI (J*-al J^iLa. 

(Translation J\ 4-aa.jill SjUil J^A-j ^ (promoter sequence 

JJftJ (_£j2uia ^ OJjjpill <Ai.iiLi.hV I (_Lalj*JI (j-a ^Ja iil^>a-ajl 'oj3 (jj .signal) 
^L^aLl ^Jalo (_LaC _&& La Lj-i-a i_jl£ja-all <jxs <alia-a ^Ijjl LJLa. .la. jJj ijjjaJI 

j.ai^ JaLij y> La Ljia j t(Tightly controlled) 

<JL& j-Luj s jja LgJ <jja Cjl£ja_a E.coli _ll .!> jj .(Constitutive) 

.4jlaJI CjLijJj^)J J-al£ ,_^a %50 J] (Jj-^ cW" (j^J^ 
j;ll*J (_J jlum ^^Ic. J j' 13 dlLaatHml dA£^)a-a £y> J^C. 4 nJJ Sail .la.jj 
La l£^)a-a (Jataj ^^lll <J-al j*JLi 4i^}*-all ^LjJjl (j^lj . l_ljja>Lall jja 11 1.1a. (Jlc. 
(jj .(_Lal£JLl AjjjoiLa jl Aia^-a AjcLiLj^al dll£^)a-a (jl£-aVLl ^ u <il 'Ljj3 

V Aiala-a 4 ; a . ii dsli 4 JJ aJ jl j-o -I lazuli j (_LutJI ( _ s ic La jjiaj ^JJ ^jll ClslS^ja-all 
(j^aJ Clsl£^a^> (illil jLLij jj^aaall dlliLaaJ <±uiLi« JfixJ 

AiLiaLl ^gla. jl (jja i XVI jaii i <a (j^aliajLi jl iLlls ajl^aJI CllLa.jJ La jjiaj 

.SjijUaj 4 i aja j i_jLjj£jj 
(_Laa.j Saa i ia Ajj3 tlll£_)a-a <JLa*2uiLl iia 11 jj;t"i\I AjLaC (jjJjj 
LjjIc a^pajjoiltj ^tjaiill AjLafc kjj a Aj V lilli! tAjlaJI (j^ajVI dlLjlafc ^jlc 
(JjoiluU ojUoj AiLjaj ^Ljaiill lajj <al 4 n\\ ^Lal_axJI (j-«J -cS^^ (J^ 

. jaa-a ^^a (J jijuiil! j^^ajj (TTE jl Transcription termination element) 

^llij CjLlLaC. ^fl U"^ LS^l ^5^3^^ (Jjuiluilll Ii* 4iLial ^»Jc. (JLa. ^ 

t>* cJLc- (_g jI'.ilo ^LiiLl JAjj LjjsLLj AjlaJI J J^-a. (jV lillij tt_ljila-a]l (jijj^jll 
(' aA|Auia]| (JJaJI AjLgj ^^Ic- ^tjoiill L_aSjJ ^»Jc. L-ljj aj) ^c-ii-a Jj^J RNA 
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A^jjj AjliJI ,J Jj-aj^l tlibj <SUJI J t (Multicopy) j*--uoSI JitLo 

^Laiajl die S ■ q3j Jlia j^LlI <i&1 i AuLuti -liLa JJC. j 1.1a. ^-SJ^ £Lxiij iaLaij 

.TTE Ail^J t> jj V ^ 'LSUJI 
Translation ^j^l 3.9.4 

J j^jll RNA— SI Jc (RBS J Ribosome binding site) ? jSI JaliSj 
Jl j^j (Translation start codon) 4-aa.jiSI s jLS J 

(Jjmluij i_£tii.l L-Ljia liUjj <_£ja.l Jl Lljii^J rbs SI ' fltlaJ . Cjl Jij jjK jjj 

. Jj^jD RNA-SI ^ J-U3j gjiSI 16s ^j-j^l jD RNA—S3 3 'OH e_i > 
(Degenerate) s jjSia L^L (Genetic code) ^1 jjSI s jLiSI jj-ffi 
■i^lj (Codon) SjLi jl <jj>ijS (j-a ji&U j-ajj LS iuii\ ^^ia^SI jlj 

j'-"' IS 4 a3ja all dlljLllI Jfi*J . (AjJjjjjISjjj Jc.1 j3 Aj!>Ij = o^Li jl (jjJ_)£) 
aJaa a Ja . jjSI (_>uiij ajj^^iaSlj J^ljJJ V Ljj^l j t " CAij.1 .laljll ^^il-aVI 
4 i ^il ■>> (^^)i.VI ClAi-llj-ajl (jjJj) 4 m a o^Sjoi -I laJL-al (Jj ■ ajj ^jj Ljii^jll ^\ jjl 

diljLill Jjiiuil jjjj (J i_a!Ala.VI (jlj • JUI jjj*jSI cjljjj-^t J 
^Liaalll cjljLill (jjSjj i(c^l <jjl£3l DNA J GC— SI 5^ ^Ij-JI 
jl Uuj .ajLlJI Afuij Je.1 (tRNA) JaU RNA — S 4la£all ^ 

(tRNA) JaUll RNA — SI t-ij _> <LJ jj U jj^ fli (Codons) CjljLiSI 
tJaUSI RNA-JjJ J (Aminoacyl-tRNA) Jj-tfl o^^ 1 <-U=^ lS-^ 

^lijjlj *Laa.jdSI i— lj.uii.0 (j^aliijl 4_La ^eJlII AlJaiia jjc. ojiui -I l^lml jli 
jLiijVI A-^J-J t— iLui^ (j^y •c?^ 0 ' ^j'-""^ 3000 Jl _ja. lJ^ J^Ij ' aa j jJaj 

Jjiiuil Jl JjyJI Jlaj ^jSI j ajLiSI ^l^kiuil J Jjjjaij]! J (Codon bias) 

:Ajjtill aJjUJI <kuil jj (Relative synonymous codon usage J RSCU) 
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= RSCU 

J^aJajj <iltiA ^jfL ^ S^Lill jLaaLLujl dsl^J 

|jj Lai . jLjai! jjjj a ikloij SjLill jl tdJj ^jiaua 1 = RSCU dijlS |jj 
jl£ |j|j t Al Lpl ^ (^Ij o- JSI) 1 > RSCU jl£ 

1^1 ^ (^Ij <> 1< RSCU 

^lauU Lj&l l2aj g| i " 'I ila SI AjLsj jl 

ojiJiiSI jLjii.1 4_ia&I j^ SaJ 4 ajj all j taall Aj^Laill ^1 4 hii'llLl JlLaVI ojiiaiSI 

jj (IL2 J Interleukin 2) 2- jjSjljpjJ si-« j-Lul ^ Jlia JDU. 
VulL (399 bp) ^Sft IL-2—SI i Jr ^ LaaA*i .E. coli —II Ljii^ 

(JjS (j-a 4jLiaLa AjljLi j-a %43 -laSS liSliA (jl jjij t^laaHuLall dljLill ^Jl 

ciiljLi JLa*luL jj^JI liA <>a AjcliLu^aVI tSllil .E. coli SI 

<LuiljJ ( - LaJ LaJJE. j .CjljSjjiSI j-a %85 4_luiij Ljjjj!lj]| (Jj3 j)^s AljoSbtj 4ij!jxs 

tJaUSI (jiiij JLa«luiLj E. coli SI <J ^fcLJaj aVI lillij /gl^VI jj^lS jjj*jSI 

teJtjflaSI jjaJI) aASLJI <^jLila IL2— SI Jj^jll RNA—SI jl jjfi 
jj^SI <Sla. ,j j!i£l Ljjji. JajuUll jjjjjjSI ^lijl <_5 jj lu^ jl£ LaJJJ ((^UkuajMj 

4j*JJiaSI 4jL ^iVI a ■ tiill (j« Clllj-a ^alj ^<-.1 'iU, 

Formation of inclusion bodies kA^j*. ^L*aI 4.9.4 

jj^JJ ^tiij die. 4 > <il *t j tAjj.uiL.aH CAjjJjjjSI j)-a OJJJ^ ^Ijjl 

i LS *^a Jluj (Folding) *l jiajVI (jc. j^jo CjLuj jjjSI jU 4AjLlSI <J JL& 

- ■ aa II J c_sjxj I JJ 'vIjSj jl 'ijli. 4_jj£-a '-— » A\ I g i <a» J £-a ^a^jSLl IjJJj 
(jjl£ jpi jjjjjjl Aa4^l ^Lp^l ^ AjL^Lai ^Luti.VI oAA j^ laJ ^gL ajjaJI 

^Lui^Sfl jji.jJI jjjjjJI J^i ^jl jjj .(Mammalian protein) 
JSja j (Native state) ^jiMI <^i^>Vl jjj jjjIS <jLla JSja jjj Aji^jjjiJI 

cjjjii V] ^LajjaJLl ALLujI tils j jLaj V LjK [gJali. LjLSill /ci 

^^L^ajjaJI ^isA\ t!iSa£j t<SUj jl .tsy^k (Denaturation) ^a 
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^gk a jj_^all (j«l_a*JI C-luia Jj jaa^j t_l jjoiLall jij jjJI AjliAz Ujja 
... ^1-liJI Jajjojll 40jljaJI tlsLajJ 4_ja1]I 4cjjj (JIlLa) Ia j-aj j Ajla SI 4-alui3 
j-LaaaSI i_Sj_)la JJ«JJ ^At ^Jj^ SI - 1 aa SI jJj£j (J^aSa jl £Xa ULia.1 j£<aJ "(^J 
Lljja. iajailj jjc. (jJJj^>J ^^j] (I) J] 4jli»aJ_aaJI aLaia.VI jJj^J CSA5» ^ 

J A^yu^i (^-) (Suboptimal) tsJ^^W Jal Jjj^a-a ^tijj (i_i) 

^j'-— « J ,j ^-ajj jj^J AjJ i ajja SI aLuia.VI (JJJ^J (jSl j • jJJ JJ^SI ^J^Ij j jj 4 - 

j^li. (jljjilJ Jjla jjc-j s jlaill (_gJlfr (jjjj^w j* fgSj ^jj^l * 1 SI (jj il 4 jlia.V 
(jS-aj tilSjJ .(Mild extraction condition) AiJal <_>^UiJ ^-ijj^> 

jLu aJ tAjjIill jjc. I gjll a 4jL^aj_&aJI aLuia-VI almV SJLa. jjc. <jlaj 

. VljtS Llij j^)J ^Jj-aJ fjjJall J£jilUj AjjoiliaJI L_S Jjiall (joSjJjJ! L_alidSI 

afriLall 4 aJaj) at laJ i al J 4jL gjja.lt aLuia,VI jJ j^J SS ■* a jjLaJ LjLja.1 j£-aJ 
tvLuiiSI La-la a l_! jlk-all jijjjill jl jit all I - ua (4.5.4 ajmiiJI) ^jjljaj 

.^liill J^jSI J] j (Periplasm) ^j^ll 

n'tl" jl 4jjL« j&laII jjJI AJxujI jj j j/i^jSI j» jltaJI J^-j 10.4 
In silico analysis of bacterial genomes 

Jjj^jall ^..'J^ ? all I 111 "K\l 4j V jjxl a jija SI aAjuAjuo jSjP jj 

£jujI jll jjJaiill j jLiujVI jlj UaS t UJOJ^jSI jjlajj 4_uilj.ll oJjJa. 4-ij-La aLal 

ajalia jc t tA< , \ \ Jc Ijii ^auJal (Bioinformatics) 4jjjaJI ^lajk-all 

1 . . l$-l3 Cjljjj-all 4 °J la j j I Jj/'< ill j )_alaJ jc <La£_a CjLa jlst^j 
j^aJaaSI ja.lj^sj AjSIj (jS^'n Laj2 Aj^ala. j 44 qW a 1 all ia AJiuil jjc. 

(Gene order) jjaJI alkiil jjj j (Evolutionary mechanisms) 

.AijUajj 

1 

jj Aj^a-all dll jjl^SI jjlaJ j 4_ual (j^>ia ^ ' " ^ J J iy 

cjjjijyi a£j^ j 4(Personal computer) aJIc Sj^Sj ^ ■ ^ . .ill i_j j^laJI 
4 (Grid and parallel processing) k£+5A\ j Ajjl jiall AaJU-all aJZ j 4Uj^ki j 

jj .AjjSII j SJUiSI <JjJaJI AijLajLoall tllljj ^ !)IjU US jJJa.^ j- 0 ' 
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in ) jrla-jll (J j (in vivo) <J AjJ j.iSI jjla £-a ^jj^' ^La _jl*-«JI g-Loja.1 
Jl (^tuLj ^ill (Systems biology) A-aiuSlS clta-Vl fJe sjV j Jl csi (vitro 
jc titta. - ji i qa Aajlill SJjI^J! ljU jla-all (Integrate) <-jU nml j JjIsj 
<-j^SI U>! .(High Throughput technologies) JM <^li CjUIHII 

Lu cAjjKj ^aj jjl£JI L-Sjj^ij jjjj (Model) £0 >aj J) J^a jjJI j$i li$J jLjjil 
^■•J.'*' " L r 1 J-?- J ^ (J^- 4 V CjUIsjII s^A jl jx j»cJL .aj^olaj (j« (—ijlja. lg-}3 

jLjj jSI CjIjjj^iSI jc ■ LuiSIl (JjLaj jil lillj _J^^j Lj-iajJq (j^a . Ljjj^JI 

ja-a (jc jl i ^ jj-u^jjI jSI JaLijjl j^iS (JiAuiill J dil jLil jc jl i 1 "'^ '.f'jj.'^ 

^^glc .IcLulJ La Lj " j 4(_£jjjSI j'"'^ SI Jc j^JJjll (JjLuadSt £*ialj^sj (Promoter) 
jSI g^sljiSI (jj • i — 1 n% n iSJ^ (JjaiiuiilL .Ha-a DNA (_L>iLu AjjlLa 

(Protein-encoding genes) cAjjjjjjSI SjLi J*aj jiSI CjIjj^JI jc (_L u £j 
(Reading frame) U I jail jLl ai^ lilljj tLJii ^i^ 1 J^S^SI A-*a. jjj ^jsj 

ClLa jlxxll Jj^".' J-aLljJI j» jij j»J i(DNA SI j-a Alia. (J£S set j3 Jal AjMj J) 

t_aSjJ a jLiL Ajtiaala JJC AjjjyiYI (_PaLaa.YI (j-a AL_ola aIuiIui 

^ jiia Spl jS jlkj aLjU aLuUI si* ^ .(Termination codon) <Je-l£ 
(> ^ jiLaJI s<.l jaSI jlLI J^ia ^ jl jii t (Open reading frame J ORF) 

t fljuiS ^ jiiSVI g-aljjSI Lai .Ajil^VI (_paLta.V! j-a < iV I AjuJaJ Jl CjIjJoC 

— ^-jaiaJI s^ljall jLLI Jl AiLjal — I " la ij Igili tjJJjJJ SjLiS ALaLaJI CjIjjj^JI 
j£-aJ LaS .AjJajjLaJI A^a-jllII «.^J 'ajLjil sjiiLva AajLuill ^ jjai jjjl jll JaLijjl ^Slj-a jc 
J ^Lljjl j^i L^-la gjij La j Ali.iili.iiSI (JiLi. UaaJI CllVLala.1 (j aa ujj jl ^c-aLjJI I^J 

.(Frame shift) s»l jSSI jLLI 
■UsjujI jj (Putative proteins) l^J^- 4 Lh^jj^ o 3 ^-^ (As La^cj 

iAjjJajj jl Ajfljfla (_Jja.l '**'! AjjlLaJI ji.1 g-aLijj JjJJ < ' . 1 j ■ ala SI 
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p Jjlui* (_£jlaj ' " >1 il£ a J^jjj (jl jx 1-igJ V .La 4jL£i jl JaLiJjl .jLsjI ' ° ^3 j 

<jjUill ^cljall j ijjjjjJI j DNA— II (J L^jjuiS ^ ^1 cjXoiLull 
FASTA ^Ijj i_£Lk j-a CjjjijVI a1±Z jjc. L^LaoiujI jS-aj ^1 (Databases) 
DNA— 51 J (jii jjJI cjX-luu ^1 jS jJI lilli . BLAST j 

jl JjjjLall JaIS £_a (Homology) AjLiill aj>jj j 4jJ j^ll J.i.aLiulU LpjjlLa 

I.13C (Jg i iU t _jjll AjJjjji. AjJJa. (JjLuijj CjIjjI j li Ljajl CjjjjjVI .Aia f. ja. 

t. LuulII (J^Ij Ajjjjjjj dlVLi-a (jt ' fl-kjj£jl Ljia (JjlLaJill j-a 

(Secondary structures) AjjjLill ^1 j& j (Transmembrane domains) 
tljji^l .ojjLa CjLuj jjj ^ (signal peptide) CjI jLil iilli£j 

tAjjaJI ^ -I U.V.VI j iajjJall i'Ki^I (Model) £^ J-aj £j^a jl g^Lull ^jJI JLaaiuil 
.AjjJajVI CjljLoball A^jjjilj 4(jjJjjjll x-a jjjjjjll CjLlaljJjIj 
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Glossary dtxlkuaa (Jujju 

Auxotrophic mutation AjJjuJI 4_a2t j S jiL 

j- aj*j| 4iLiaj ^ ■ ajjb V ^ja.) 'J.'^tl £j-a jJI j^aJI A«J ill 

i dill aJ ^^Ic AjjJfl] .Lxuijll ^ ^l^ill 

Complementary DNA cDNA (jUL.) J^* DNA 

2^*^-5 ^ -^-^ RNA— 11 L&^-a J joiLu jj s.i*.l j jj DNA 
^jiaj .(jiil^. Ij cDNA ~ ; ■ ^ AjjUill <liaJI *ii aj .(In vitro) ^W>jll 
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.JSLi J (dsDNA J) ^slfi DNA cDNA_ll cAiS* 

£)JJ J jJI . IgjS J_^a^JI ■ iliai all cDNA SI j JSI jill Ac ^ 3 all 

.jal ojjjjj (Folding) t-iliill ^ jcL^ jjjjjj : (Chaperone) <jal>»JI 
Aajlij SjS*^ DNAj cjliijjjj Ac^a^ : (Chromatin) 

AiaU.) DNA— II t> ojjiio : (Chromosome) 

(5.1 (Jj^aJI) LfcjJC. (jc ' CjLojjaij-ajj^ll (jvo 

:(Circular DNA molecule) (J^) DNA * tf > 

Jjjsj ^jic s joa : (Complementation) pt32fl jl 4i»S2H 

4 ■ aSj ^ai jl ^1 c(Wild-type) Ajatulall <3UJI SjalL ^ 

i> cos (^Ic <LiLu L >uia ^ jis^i -i^J^-j :(Cosmid) Jj-»JjS 

^jUII L_aMi tj*jJa iLaj^Lll J*l£ (Packaging) < ^jjj ^ill X ^Ji 

JjLaiall jl jlabiJI i_ibSbll jJail : (Cross-over) jjj«JI jl 

.(Homologous recombination) 

J <j±ui±} jjJI (^ic. ej^all : (Dimorphism) JiuJ! 4-j*IjjJI 
Vicl : (Endoplasmic reticulum) (ER) 4^»j5bj^&l Al^A) 

.0 jjLall dll '/'JJ.'^ J,)' CjIjLji* cjjlj' cJj-^J lSJ^ SI AjliJI (_ii.l^ 

jjkJ j tfi ja-all Ijc La) jjaJI j> d jj :(Exons) 'cJJ^J* 

■ Ujlaa. jp jlxu CjljLi Ja^j (Introns 
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(Expressed Sequence Tag) (EST) Sjjjl^I Jy&LJI SjLil 

-iu£3l jjx 1 "'<'"j J_jL tiitj cDNA SI JjaiLij ^ s. us J\ ^j^. 

LLuiiil Jc jl !)Lol£ r- j.>,idftll (jJ^JI Jc- i—s^tillj 



<_l^>j ^ilk^i : (Expression cloning) jl Jluuluit 

.^Lailj'VI AjLac JvLi dy^-SI SjLjI <j-a c.Ij1jI (jiij^JI * . «uLac. 

DNA— SI (> 2-ajUaxi : (Expression cassette) djuJS 

jliajj (Promoter) liSji-all q * » j 'u^jjj JJ <i<^.jjj <j^?-SI ^-oj^j 
^aSI pL^jj ojLijj (Open reading frame <-ia jj SjLS jj.ii) ^ s*1 ja 

.(Transcriptional terminator) 

.RNA Jl ^1 (jLoj DNA— SI t> Siiaia : (Gene) £ j>« jl 

^jiS DNA—SI J£ : (Genome) 

jilt cjUjkJ J£ : (Genotype/ Genotypic) <Ji\jj jl tr"* 

<jjl£ J DNA—SI Wjj!^ 

t u^jjj J Cb> : (Heterologous) tjjjc. jl J^aVI Lilian 

."L^lj^SI ajs 2 ^jU'iJl ( j C . Ajj^Lc- J jl (J*^VI 

: (Homologous recombination) jiaULJ! jl ^-JUi^l (_uwfcl) 

I ■ LbuiLiSI ^alllJ . La^-aLaall ^ ^^Jjuiluilil A fra ^) (jiiJjLiila DNA jiiS-la, (Jjjiluij ^JaS 
Ala-» ^Sj-a J jja. ^La-ljlj £t-ajuUj (CrOSSmg-Over) J_*»JI Us^aJ jiablaSI 
^JaS (J.iljJ -lie £j^Ij (J^*-^ <J- AT -^-'-"j U, I I (j^Sj (4.5 (J^'SI) J"? ^ L>° 

Jjj^I <SU. .(Meiosis) Jl j3iVI fL-asiVI £c cjLa jjSII DNA 
j-Lo^jl jjaia jjjc ^ Ijl iji. iu^pyi JLulUj (Transformation) 

(Double ^J-O" 1 L?' J^ JJ^ J*-aa. I- 2 ] U • f JJJ>« J J^SI J Xal£ Jj-ajMJI 
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J] liili ^jja (linearised) DNA 4jiLa J ^Lm j ^ilt cross-over) 
Jjs ^Jaaj RNA 3j<_La : (Intron) ctJ>"! J d)J^ J 

tAAjaaJI el jill dslj Ll^UJI CjIjjj* jjj-uVI juiVn . jia jjj mRNA SI 

.(_£jilt AjjI-lJ L^aJI ClAjjj-a 1.1a. jAij j 

t> A ^ lu j ^ DNA ,xia3 At^xL?^ : (Gene library) AjLsJI MjjIaII 

•cDNA Cy* J ? jijaJll 

^jk. LuU jja Ajjlilall cAiaaJ! : (Linkage) JaUijVI 

jl tcjj^j cjbjja. Cjlc^a^a : (Linkage group) iaUSJ ^>«^ 

. a jjj j-ajj-^l (J-al£ JiLaJ ^^Aj ta.la.lj 0.1a. j£ (J&ilj 

l^jjj ^1 ^ y J ^c- : (Metabolome) 

A^jjji£) ajL^> (Support) : (Microarray) 4ijiya* 

4t jiLa <haJ ^jLJ DNA i> (Grid) a-^s ^ ij (^a.U.j 

djLijiaai] ^jj^j (Vegetative) gptjj j-«j : (Mycelium) ^ jjUmjU 
RNA_llj DNA—SI (> JS ^Uj cjl^j : (Nucleotide) 

jjjjjjj 5Jjtc. .lei jail . l§jjiao ^glill o^clallj JjjjjlSjjill J>-o jj ^j 1 <a& 
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a]1c j (Guanine) G o^j^-j (Adenine) A jjji 1$js (Purines) 
T j^ulj j (Cytosine) C oijjJ^ (Pyrimidines) oi^ija 
AGCT DNA-J! -(Uracil) U J*J jy, j (Thymine) 

•AGCU Jc RNA_Slj 

Ac ja^o : (ORF j\ Open reading frame) jS jUal 

(Stop COdons) 4-aa.jjll i-aa jj CjI jLi Igjjj J*-ai) V tAjllILo (jjj j£) CjI jLS 

* ic\ i ajI^j .na^ JjoiLjj : (Origin) (ori) Aic-Lia.^ f ^ 4Jaii 

•DNA-SI 

(Aja. j3 jjjai J Ajjja. ^jjUajS) j aSI ■ aa : (Phenotype) 

eicL^ill ^ s jja Ajak DNA ^Aiija. : (Plasmid) Jj-O^W 

ClLa jxa jm jjS (j* CjIc. joy all J^C : (Ploidy) AaouS 

^ all Ac all ^JjJ <_$l t^ljjall JjI£1I .lie. 1 JOxll jjfLi .Ajlkll 

5^1^11 4x. j^-<JI ^jUj <_jl t^lisjjall (jjl^ll ^jc. 2 JjSj i(Haploid) 
jjS! j^xll jjli (Polyploid) ajx^II 3x. j^all j.i*iall jjllll ^jc. j 4 (Diploid) 

•2 (>» 

:(PCR ji Polymerase chain reaction) J. u Auu. ^ 1 S j^LII JcLii 

.(8.4 J^l) DNA ^Jiiaal (exponential jjJ=u>) ^1 c_i&L^j ajLc. 

t5' A^a. ^jic dj J>a ll Ailui A^Jaia :(Promoter) ^ 

jjl£ll l^aaij ^211 CjUjj jjjJI aLUs J At :(Proteome) pjpjji 

.L> Cijj t_ajJi ^1 
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J*ij ^jSiJ Ujloi. qa cjjjk <ik : (Protoplasts) Ci^bjjjjj 

4jkJI .(Carbohydrase) jjIj-ija jjj^ J ^IjA** ^11^ '-'W^ 1 ' 
(Osmotic ■ w ^ ■ ^ ^Lla La ^j^bJI 4_LU-a 

•pressure) 

DNA— SI j> ^JaS J^Lij ajLc. : (Recombination) <-uufcit 

DNA 

.(AjiiJI ,J t_JJjc- DNA) jiL 

J ^Jc DNA—SI fjji : (Restriction enzyme) fjjil 

.(Restriction Site) cs <*i>a J^S-uu ls^ • i - li - a mj* 

J&1 c_a&Liaj]l Jic Sjja jj JaLi : (Shuttle vector) JSU 

jja 1$j3 ^ 51jj]a : (Southern blotting) OjjjLu. 5-*«aj 

p. Lie. ( _ s i& L^Jii ^jj t Ig^aLa^,] L-ma ^Uj^il (j!>L%j3lj DNA SI ^SaS 

DNA (Probe) jL>^ JLa*iuL Upc. t_LSSSI j 
•Ed Southern ^lUJI ^L Ajj&SI ■ jSI .<! JAJI 

jjLkoll a!I jjj ^Jail SljiSI ^ ^jj AjLac : (Splicing) J-ajJI jl jtlaJ 
U > j Ja «j ^ (Exons) CjU (>^J 4jujj is'^j RNA— SI <> (Introns) 

^ cAi^JS ^LjJyiSI s^JiSI Jja-j :(Synteny) JaljM 

^> RNA— SI ^li^j AjLac : (Transcription) j^uil 

.jLUI DNA-SI 
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J DNA— SL -Wjjj jij jjj : (Transcription factor) j-u u 

Jc ^txiull AjLaC lali «aj j»_a9j3 i(_£^i.l AjjjJ jjj (J-al_j*J JaJJJJ jl . ii3^a-aSI AiLala 

J JuiLuj : (Transcription terminator) ^.uull <_iflj S jLuij 

.RNA— II ^ji>^l ^_aa jjJ jl>«J jj DNA— II ^jjl <~-&Ji DNA— SI 

^i^aSI ^Transcriptional Start Point (TSP)) ^-uSI 

.RNA— SI ^ju^i") j ^juuJI <A*c 

RNA— SI <SA<ij J ^& _>*a-« :(Transcriptome) ^ jjjjIuJI jj 

. La Cl2 j j C_Sjia J ^^a-SI (jjL^ll ^V'',' CS^' Jj^ jSI 

; LiLae : [Transformation (genetic)] ^Ijj jjj^j jl Jjjaj 

.ojl jaLul j 4_a.La.ljl j Iglkb ( _ s Jj AjlaJI (j -0 M^J^ DNA J 

J-aS Ja*!^ (^>jX ujSj La LSli) DNA t-^j* : (Vector) JaU 

Jib Jl DNA 

JLljI ^ ^ ^ <> a£L* :(Wild type) ^jjW csj^I £jSfl 

.(Phenotype) ^1 cP&\ li$i ajjaLLSI *_u_all 

Introduction 1.5 

jjLai. i_si^j (Eukaryotes) 4jLIa. si jj cjlj L£sL_. c.Ljjlaa-1 
aJLJI 4tj;S-i\I <____*__, tSlljj (Mycilial fungi) ^jW^ ^j^j (Yeast) 
(Unicellular) 4j1_jJ aj^Ls.1 c.LjjI_ill <_iLu^l jj_uu . Jlic- Ixluj J U >ajl 

-IsLulf-SI oAA <j£_ j 4-Ja.lail CjLjjl-ill 

t((j-U£u JaSI jl) (JjSS ulSI ; _&a-J (jl LLi-J I g ''^ aJ jj tLutiaii all a ^ ; ^» j-L-S V 

ajj^JI jjiaJI J .(1.5 J^ill) Dimorphic — SL sIa JLill <±*J jjjl ^^a^j 



221 



AjLiill (j^J " "*"'^ ^ J Jf"-^ CS^J 4jjlLal! ^^ic .l-al*J ■ ajjk^gjU 

^CjlU J' eaall liA La-a LagjjJj.ll Ljal£ ^^Ijj AjjaJa 11 ClUjIaall j jjLaiJ Qll 
clll 3jjiaJ JJ jJals ^11 dlJI 4 a lilliA t j_j£a<i]I <gjLooll j-a 

.AjjIjjII 1 gjjji lift j <alla all L-iliLja VI j CiV^LuiIIj lliija-a jLjjjLi CjjjI jli AjjjsJI 
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(i) alijaill (Phase Contrast) jjM ^jLj j$-?-aj oiai »j>ua :1.5 

Yarrowia \L±u\yA UjjL (lj) iSaccharomyces crevisiae JjaJI » jj-ai. 
(^) (t>ajJI J***') (hyphae) JajjaJI SJUj ^S) e jxaa. 4JU lipolytica 

jaaj J "','?J." jiai! l _ 5 iaiaJI yu (Bright Field) p^fJajil] JSaJ jfl ^ ojj^ 

j-Lililll Jiliill ^Lj ej>«a (j) jjlijLyj iajla ^jlc Aspergillus niger 

(julfrjpj jlaa (> Ci*AjLjjjjj ^jlii (Differential Interference Contrast) 
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^LLall Jal .(hyphae) ijjiJI SiaaSU 51*1 . Aspergillus nidulans y^Wjjjj 
J\ hypha ^ju H '(^j^ff^ jjLSj) Conidiospores ^ju Cs .jiajji* 10 <|jU-j 
.Linda and James Barnett "jr" T <> ■ Cij ^ L i^jJi tr* 3 P 

4 ■ a SI j <iaJJj-a]l 4jJjjaJI LffjljjJI ^jifr Jj^aall li& ^ 

^124^ ' Lj ■ a a£ jlasll -I lazuli CllliniaJ L_L-a j <_giej tClAjjJaalJ 4jjI jj]| 
I^A ^ aAxilT-a]l 4jjff all (JjjJall (j-a JjA*JI .AjjjC- 4ff.jLi. clll iff (j^i ' "'^ V'JJ.' 
^ jjoJI jbu jj] .(_£ AjjI^J Lj^-^ £-a (Jj-aall I^jjoi (jjfui J' asll 

^gj&j Uji&jll ^gJc. AjjSlSI (jjlflaJ tlyj i— lvlli.1 -ij^J -lie- V] J' aiSt lift 
AjjlLa JJJ^ll (_5^)afl3l ajjffJI _&& (j^JjVI <— £tii>VI t.ll umI aAl j .jJaflll 

(Higher Eukaryotes) si jjll aJIjJI CjUjI£JI AjLijj jj tUjii^JI 

^jlajj oljill ' al»J jiT. I CjLjlaslI lilllaJ . LjjJJ^JI £^a (j-a Jj£l 

»'^' (_j j^.1 (Organelles) '"^j- ac. AiLiaJ tdiLa jjj >a_$j£ ^ ■ 
Endoplasmic ) l^ia ijiul! \^ >>iwi jc. l^!_>u 

£al _*JI ^1 I^SLujjV CjLjjjjjill jji ajL>& i^ij ^1 (ER J reticulum 
(Organelles) Cj U^ J J>\ ,J J <AsA\ £ '-"^ j*" t^jjIkaJI 

(CjkJI jlffJI CjUjJaallj LjJJ^JI (jJJ Aj^LuV tllliMikVI (>a .AjjkJI 

jiff. Laiii tCjLjjLall ojc (Peptidoglycan) ^Jc- lsJ^ V ^ 

(jl£_aS£ JlLa oJ-laLLa Ajj^uj jl_a-a jlasl] (_£_&liJI jl-l?JI (5 J^^J -^J^^' 

i(Chitosan) jLujijlSj i(Chitin) jijl^j '(Mannans) tjH-a '(Glucans) 
jLill i_alL^>l (Glycoproteins) i^lni jjj W^j^ j 

JLill ^ jjnij ^ lillj ^ t(Mycelium) ^jjiLouLa jLij (Vegetative) 
4^ff. AijjJaj i^JJj j t (Spores) ^1 jjVi jjj^j (Morphogenesis) 

4jlai]| dllSjjlaJ (_£>Lk .Ajjaiff jjc. 4jJjIaJ jl ((jii£}Lui jjj ^j'jj (j-a ^jj) 

Mitotic nuclear ) ^ jjj ^Imajl ^-a UjUj aj^UII cjlajLall J-a*iau ajj^JI 
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^jtill cfcAij iljA IxoLoaI tjAjja ^IjikVI ^Laaj^l J^4! V .(division 



jiaiil £ljji f» -jllO^ Juiluu :1.5 Jj-i^l 



1 \ r** JJC 



http://agd.unibas.ch/ 9.2 7 Ashbya gossypii 
http://genome- 

www.stanford.edu/saccharo 12 16 Saccharomyces 

1 cerevisiae 

myces/ 

http://www.sanger.ac.uk/Pro ^ Schizosaccharo 

jects/S/ pombe/ myces pombe 

http ^/sequence- 
www, stanford.edu/group/can i6 g Candida 

... , albicans 
dida/ 

http://www.broad.mit.edu/an Neurospora 

notation/fungi/neurospora/ crassa 

http://www.broad.mit.edu/an Aspirgilus 

notation/fungi/aspergillus/ nidulaus 



Uj.UjS>uAfl DNA Ojj (haploid) ^jlJ (»jj*?JJ ^jM! (!) 

<http://www.fgsc.net>, <http://www.eurofung.net/frameset.php>, 
<http://www.aspergillus.man.ac.uk> 

diljjiii^aJI AjoiIja ciloj i_ua (Linkage groups) £ajl ji&SI .LlijjVI 

<J DNA SI 4_La£ jj jjja SI £-a lilSi tJ ic AJlaVI 1.5 J J^?JI jJJJ 

4.7 is.co/z J* ^SUa) Si jpSI 4jjI:uSI jaSj J&1 cjbjIaaSI 

^jicj tjjijj^ll ojiiio jj£l ' " 'I ^gJc. <_£ jisj dljjiaaSI (jl liSJi L-lli a J .(Mbp 

J^lja£ cjljj^aJI jjjj 4 (dj J>a SI ^jxuia Introns) cAjjLkall J&1 DNA 
AjjlLo jLlaSI jj& DNA SU Uji&JI i» .(Spacer) ■ - J jja SI jjj 
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4 j^Vb Jjj-ajLo IgjJaxjj 1.1a. AjjIaLo LjjjILJI ' " it Jja II jj) tjjj dip (CjbjJaslL 
ba j&j (Promoter) .Ia.lj ii]ja-a £y* (jJJjj-al ^ejoiiSI Lli a j ^jaij]l ^JJ dljaJ 
ba-lic. Jia. tCjbjIaall iic -la-jJ V ^gill (1-^ (J^dll) OJJiJ^' 1 ^ ^J*-} 
(_JS t^JJ 'bjbjjS 4jjliLaj AjiIa^Im (<L^ia ' ajl j je <Sjj).i,iLft]l) ■ "'I na SI 
I.13J cAJS-^l f 1 ^^' ijj • 4 -^ aC - '.^'"'J ^".' L a (JjaiLj j (j^alaJI 4£ja-aJ ■ ■■ a (jia. 
JJ (_L*ajj]lj /^aJI CJJ^JJ Jl JJjl JJJ^' J 4_}£lac. Ajjll-a .jbuE-V j=^-a -J^V^l 

Laj i a diLilT (jc. 4IL0I (jiaLij t_j lillil .(Phenotype) <jjlkJI 2x^,11 ^q.^ll 
.(>ali. jLoiJ j! (Multi-pathway) s.ii*l« c_iljlu«J ^uull 

5j^»U.) (Jjj jjjII j DNA— II t> (j jjll J 3 * 3 cs^' (Chromatin) 

<b>jj J& j&LuuJ DNA — lb (jj j 1 II CiLiiij jj iaiijj .(Histories CjbjiuuA, 

ia.lla-0 Cjbjluil& iaJJJJ 4 JliLall (Jjfui Jc . vit a ^ SSjA ' ; j"' ' 4 1 . 'r\ j j (Packing) 

f 

ij jj Jll t(Nucleosomes) ^ jjK jjj J cjUiup JSJnl DNA— lb 
i_±ii ji t_j*L .(Beads on a string) "Ja±k Jc cjbya. jSc" J£dj j jj&WI j^-alb 

jjjll £t-uiill (_b.l jt (J jj^ j J »jijb' JDbv (ja ^cjjiill Joj ■ '■- J l^)jj ^ J^J^J^H 

jjc. Uu^ifl <_5 jimJ liA j tA*^ JalijjVI j tSlja-JI JI (Transcription) 

lift i_aljAl j-o '**"*■ -j* ^Liuill ( -»;lVuj lafj a Jj . r-iliu 4jjjalla j| .ol jill AjjIjj C_iUjI£]I J 
jill AjLaa b!>laJI L_ySjp J jjaxjll (_g jiuba (jbii JI I 4_i jJ^jull (j^lj < J i oill 

l&jjj^j (jS^J LoS CjUjiaall jjA JJJstil AjjiIjj 1 IjS aJ < bSaull jx ^aC-jlljj < laaJI ^jjoiaJ 

(cjLjkail Jjj*2) >U Jib DNA JUi 2.5 
Introducing DNA into fungi (fungal transformation) 

Background £j*2a>»iJ AjIKJI 5j*2a jVl 1.2.5 

4ja«j]I Aijl j SjiJa J^ij ^ jL\ Jl (Wild type) ^4^3 <^ j« jj^ 
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4ipu» Ajjlic. sjU SiL^lj Jajjia U >aj j1 ^1 t (Anxotrophic mutant) 

4-11 j) (j* V (Jj_4aall ^^-''J . JijjjKjjj o^cla jl 4 _ s -ll« a l j'"'^^ iajtu_jl! 

<illj aJJj i DNA— II J jaj fLal ^IuiSM (jjUll J£Jb CS"^ LS 

Jj AjikJI (J_&iJJ j tdsl j.ll&_&Jjl£ll l),'^"' ClsLajjjl (j-a ^j- 0 ^"""Ij. 1 

eliul tjiij ^jj .(^ 1.5 JLill) J^aJI <lljj a«j (Protoplast) cjliuiXjjjjj 

.kuo jll Jj 3_jjti*ji si-all AiLiaj jjJ j-ajll Jt l$JJ^3 Je pLb Sjja-all Lj^LiJI 

4 Ji.U b^uii DNA t> MjlkJI (jjaJI <>,ri<;i l^V 

(j^jjxj jl (Genetic Complementation) Jj^I ^toll J AL&ilL 4_jLa*ll 
ajIaj Ja. V - JL AjliJI Jj JiUI DNA— SI jj^" 6^ j j aiill 

dlljJlVi j3 JJ >1*J . >S*J Clj3 jj <Laj!>l3! CllLuaill (j£j ^1 3j t CjljjjjLa!ill 
'J?^ i_nJjbll J^iLa. Jaill j» jjj >ajJ^J DNA II ^La^jl (jc (.-L^l 

.(Genetic Recombination) 

(_^tLuLlLaj_)£jj SjJAa. J (Jj_a^!illj llll iff 11 (Jail (jjj 3 J^J^ 

Jll Aj£j£all Jaljjll Jla*lJj (Saccharomyces cerevisiae) ^jjijj^ 

{y> <_}£ J ^jtxjM JJ^ll £-a ^Ladil (JjJ Aj-aJpU J^uiJ i_acLiaJJ 
ilc) 4llx£ jLjJj'j ALajMJLj i—lt^l AiljJall oi& ml . Jjl aaJtj E. COli 
jlkxll jjj^jII p.|jajj a jj aa 11 J J-axll Jj» • all E. COli bji&JI J (ajLuu 
t _ s lll (jl j>x *^^J (j^l j iAjjaja II CAjJaflll (Jj_aial d g J uj a <_Ja1 _aj jjjaj I i oJl 

^-a ^jJoIjjj .isi (jlff.VI <— ilc.1 J Ajli ' ac.1 1 '--"'H Jjla jj-aj!)Lj (J£jij AjlaJl ^ 

4ijj«-aj ( ■ j § mU CjjaijJ ^ V jl (Jj_4iall 4jLa£ Cll^-aJ . a jjai j-a j j£ll 

dSljSj Neurospora crassa j (S. cerevisae s (_>ajL^kll 
Aj5li sjaUa CjVXj jijj ^lajJI lillj ^ ^aLoi LaS (Aspergillus nidulans 
jj^iaj jxioLij -Ajajjialt l^jlijj3 £-a (Auxotrophic mutants) «.liic.VI 

1 g^LaJail Cljl£ jl ^gja. iAjjffJI Ajlaill Aj/uel j!i£l CllLjiaal (Jj_aaall (jjjia J^J*-^ J 
f.|j!ic.VI ^1^ j2lia a^C. (JLa. .^ff (_J^ju1j Aljjx^a jl aJl^a-a jjc. 4jjIj_j1I 
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t Jjja^ll ajL& fr\2uVI J^i. LS ^^ (Complementation) j»tnll Jla*iu,V 
.(S jjiJI cibLjaJI 5_ajlLa£ <L^j (Marker s) CjI 

Transformation protocols ^VjSjjjjj 2.2.5 

ALjiol! ^LS (Jgkll JJ DNA JLiJ) v V jlsill Jjj^ 

(Osmotic stabilizer ) ^^aj ^ csji^j ^ -5^2 ^1 

DNA—ll Jslj ^ ^ ^-bj .(2.5 JSJtfl) jUij^l (> Ci^jjjjJI 
4jkJI DNA—ll J jia4 Ca 2+ ^ j^l^l jj 

^1 (PEG J Polyethylene glycol) J jjLj) jj s 4iL_bLi 

JjJall ja*]I Jj*J pliSjlj jja 4jLac a* V iillil « Jalill ^^Jc. cSj^=H ^ 
Transformation ) Jjj^' 

> tllkj (JaUll DNA l> Jja Sjji-aJI L£UJ ^1 frequency 

4 j\at\ 4ju!Laj! AijjJJI t . Lut^j <U jp Vi\l dlLul£]l ^- 1 jjl i_ima (J^^ 

jjjjuj jJ_jJaJ <_JLi.jJ 4 (Jj_j^all Aij^jial JjVI jI£jjVI .ixJ . (Jjjiall 

Jjjia (ilLlA .L_alxjJaVI Clsl^uu (^Lajll 4-luij) jj_jaJi]| .1.2 jj ^ dljlj L^ilc. 
dAj-lml al laliuil 4ij^)ia£ idluLyljjJ J^>JI (jJj^Jj jl.laJI ^Jl jj ^ ."1 aJJ aL^J (Jj_aaJ 

^Lj^ll i-jaill Aijiaj t<Lal£ ojj^i. LpU. ^ (Lithium acetate) fjA»lll 
^jUlAjVI J u flj^aSHi JtsjiVI ^jiaj 'AiiUll ^IjjSl! (Electroporation) 
cjUUj (jjiall tSllj jSI .ajjLoijlail (Biolistic transformation) 

lill^S j < jjjallj <Lla]| L_aLii-aVI d Z ? 1 JjAa-a I g H aa^luil (j^lj iojjliia 

"LajlS 2.5 Jj^iJI (jJJJ .(jLia-VI i_>b»J (c^ A-^aLi Cllljjlj oJ>^.I ^jJj ^Llii.!iU 
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AcLo. 24 J) 1 6 2 ;1 ■ aa 



JLs_« ^ jjL (fi jlaJl jljaJl ill jl 

(carbohydrase) ^jIjaja^jHIi 



^-a ■ iaill laa ■ Sail ^ic- 



PEGj Ca 2+ 



^(agar) ^ J» tjj Control 
YT* Active) <?W (mjnus DNA) 




+ 

DNA 



5j>-Jl Ci\ eliljl (^) (^T) (^) ^T?) 



ji (Sorbitol) Jjjjjjjjj Jl» ^ " JalB tai uali ijjlt ^jJc- jlaj JjLuj (j& 4a>« ^Sir-lull 
i^jJlJill Jau^ll ^jlaj (ji (jiaj . ClLLudL jj j jiil jl^iil (_5jLjji (KCI) AjIj^IS 
^jjIJsl!! J^lxJI (jijjxj ^jj Ja&£ 4jjjjj^aSl jaIII (J-aljfr iflHWI 4_iLuJ Joluufl jlSVI 

. flliiVI <Ula£. ^ JcLuy Ajjja jLuU j jlaj (jl (j^u L»£ .UiLiJI ^3 jjJj^l (J^L^I 

Sibil Jj3 jj&Xi jl.i»JI flu SjU-V (transformants) &\ jj&lali CiS^JI dji SJUaJl sia <ji 
.Polyethylene glycol ^1 > jj PEG .<jj|ji!l .ku^l ^1 AjjjsJI jL^a 



Transformation vectors 



Jjja^l Jflljj 3.2.5 
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AiU. .Ijjs Ijaiuw J J 4 (Integrative transforaiations) 

Homologous ^l^iall i_jjJ;tjllj ^La^jl) ^jpul\ ^ * j*. ^ J... l ...a3l 
j t^i^a ^ J&l ^j^c- l£A? ^.MjII J J 4 (recombination 

Cjliia. ^^Sc ^ji^ll (JSlill L5J^ -(Ectopic) Aia-a JJC. ,J ^La^jVI 

(JjuiLuij t _ s Jc- La£ . jjLaiJIj Lijii^JI <jx (JS ^ ^•-<u.uJ 

Jliill jJJJ . jjLoiJI ,J ' i<-.l , WtU j^J j Li ,J i_seLiail] (On) Aic-LjaJI 

jaJ j ^La^jl Qj-lJ 1±aJX£ f.\lA\ Ls lc jii 0JJ-aiJ ^ ^ j£-a JSUl ia^ill 3.5 

.S_^>U. ojjLa ^ pUj L^jliij! ^Lolij U (Selection markrs) _>i> 

^plj ?.ljjc.l Sjala JjLaSlj ^jSJ tAjjtJjia]! A-a^^l tliljjlaa]! jjx Ig-^L 

j^L Jj^SM ^Jia-a .lif^a lilli jj LaS (Auxotrophic mutation) 

Heteregonous J^. i> aaJ-iJI SjiLJI cjlj cAjjlaAll (> pj jj! 

o^j -transformation 

HomolOgOUS J^-i. t> (_>i»iill (J^J 3 " (4^ 1 &^all ,_>«aj lj_ai.La ^jjaJI 

tillj^i ^UJl s jikll J^^j ^1 aTI^I ja jj ^ Sic j .transformation 

jjLuiLabS J t(Phleomycin) jAuuLa jJa J\ t(Hygromycin B) B 
jJi>a]l ^ p^jill I^a ^ Alicia tilliA .(Benomy) ^jijj J (Kanamycin) 

^jj^JI \\ , >.^U <JjjLa LuiLuia (jj^J (j' ' . J J- 4 *^"^' JJaall (jl 

4tlj!jji^a]l (j-a _aill I^A ^^Ic. (JULall J^f" .AiajlLa Jjui^-all <J?^5i L$'^ 
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<LajlLa JlC. jJmm ^^E- Jj i St ' a ^ jj e^LaaJl Ajii. (_^aaLaJI 4£^)a-a 
^JJ 4j.i,>dllj .'ojJ-aiJI (j« iAj^oJ (_£jjj£i1I iil^a-a]l J liLojl ^ajj _&±aJI J ■ iaxll 
ebl Jjiiaal ^^Ic Jj. ^]aa l j A lil^j^a JLaatLjol I ■ L^J 1 1 i aJ) iala St ^>iaa]l 

Clsljjor^xJI ^Jj-o Aiilliill ^*~-J"f alt iilLi& 'j^il J •l5j^ a -^l ^ ■ jaaSI <LajlLa 
V jJ^jjllj jl jjJJ^ jA» JLaatLulj j^ill (j« l-L/LiJI j£laJ i Jisl _ai]l 

^jjjV jjjjLall amdS £ya» _a& Jl^-a J^J • 'Uoatluii (jl J-^aVlj , „" 

^1) J*^j 'A. nidulans jiaall ^ (Acetamidase) jj.yi.nl'ijJ 

<> j^c. (jjaJI li* JiJ jal .(Acetamide) -ijl-aliiJ jl (Acrylamide) 
(j^lA Jli Aiia _jA j .Trichoderma spp j Aspergillus jlaa c^^L* 

i in , ' a A\ 4jli Jib ^t^a-li*]! Jalill (j-a oJJ*!La £tjaij ^^Ic ^ill J-'J^"'^ 

<J l^UJI Cusj I LpliJI Jib Ajii^j^l Jal jjll jaIuu 

Jaxu_jll ^gi fC JJ^JI it i <a*all j! jaLjI !/l!La t4.luil.Lall ^laliVI a» 1 tail <— Sj^jia 

Sjja^3l SjU.1l jli jjsJI jjJaJI Jl jj) ^jlijj^l La . >i\l L_a3 jj .lift .jJljill 
JSI jjll JS1 .AjIL Ifriala ^.1*J lilli j ljl.ul AcjjoiJ ALaj!AJI J<& 

a j. 1 !. ^i<i (jj^J ^ c5^1 ' ^ ' ^1 (^^) (jic- LSj^-j (jl "Si-^j^y 

j»a ejluot (Or!) JuiluU J aaJ t^$'^ JaLill jjj • ^jj^j-a j j£ (j<o jl ^aj!ilj (jx 
LaJ .ljLli.1 4^1ii-a ijjLaill j-a OJJJ^ 1 'il 1 . ^il Ja*J jl j^-aJ 4 JjLaill 

sjlA jli toAa.1 jJI AjkJb A-^.in 200 (^j J^aJ ^2 ^iLaj^l JSLill ^la4 jl 
(_5jLol« j-a .4j<a ^jLill jJJj^)JI j-a Jlc ^lljjj I a^LuLttjl jy^JI A a< ~^ i <a aJ Ailuij 
(_^l iAjlilkl ^»Jc. j Al«j!)LJI 4-a j-aJ^ jLajJal f.laajVI lag . <a ?-lajl SjjjjJa ^liii]l b* 
4 . ^il j 1 1 it . r-i jj^J Ajla II ^gi AjjE-j-all ^ j ■ ql -i- \\ ^g]c A Uja-v A\ 

Kluyveromyces lactis S j^ai ^ (_>ii*JI ^ j .S. cerevisiae s 

^gi AjjIj ^^iij ^^ill ^jjoij-ajj^llj A^aiaJI JJC. CjliLaJvLlI ^l_jjl <a» J tilliA 

.^.laijVI iaa i <a jlj-alul jj^J ^ j^ It 



230 



• x 4 ->. n't 



^1 (Jl .niMuil 

conidiospores 
(Germination), 

conidiospores 

^ j jlj l n J La 

Mycelium 
conidiospores 



1 ^ 



10 5 -10 2 



10 3 -10° 



10 7 -10 3 



10-10 



^ jLa <jli« 

5. cerevisiae, 
Pichia pastoris 

Aspergillus 
nidulans, A. niger, 
Trichoderma 
reesei, Mucor 
circinelloides 



10 3 10° ^' cerev ^ s ' ae ' ^- 
niger, T. reesei 



S. cerevisiae* A. 
10 -10 u niger, A.Oryzae, 



Neurospora Crassa 



S. cerevisiae, 
Yarrowia lipolytica 

S. cerevisiae, A. 
nidulans < TV. 
o crassa < 

Trichoderma 
harzianum 



S. cerevisiae, 
(1)jq4 jq2 Aspergillus 

awamori, T. reesei' 
N. crassa 



CaCl 2 /PEG i 



Electroporation 



Electroporation 



LiAc" 4 / PEG 



Biolistics 5 



Agrobacterium £-« 
tumefaciens 6 



jjjill jjijj . JSU1I DNA t> j^ljc. J£l Sjj^iJI UiUJI j^o 1 

Polyethylene glycol 2 
Lithium acetate 4 
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kcjj^ii Aku>>*\\ <jlajl Ljj i aiaj 1—1 jljkall DNA Bj 4 jll-ni J <-Jlij) Ajia*^ <^Jj£ i^ASUa 5 

.(vacuum) j- Ji j=. aJU- 

Jjj»j He Jj^raj US i jJaiil Agrobacterium tumefaciens LjjjjSJI t> DNA — II JSj 6 

.UjIjj djUUjJI 

jja. io 7 jss auj tj» ^ jj jji .,u„<. (i) 



•jo«iJI ,jj ori 




E. coli <jri ori 



gljljjl yj^'yo 

E. coli -N <_>-»^ 



■ » t ~- 1 1 f jj (jjjj E.COlLASj ajj *a II jjj ^ji* ^jjjxj JSU Jxu :3.5 JiuJI 

j^a^aJl Jlu A ^LuujVI jSjj> j fliuVl jJij^ cE. coli LjjjSjj jjUaJI JUiJI (ori) 

JL^jjjJ Jjvjj^UjI I jj Jal (jA .SjJJXJ Jlj^l J I t 'fl*' " *3t (jJJ>!l Ji nt n"t jjvl: -'-^ 

RNA 

Jjjjvli iSjjj^ 3 lSJ*^^ J^>* rDNA II (j^Ja B ^a^ail . (rDNA) ^jvuijjjIj 

Ji Jj imM Jjs AaUJjI <LuLLalj 4jJUi (jj Jjjj i<jJai ^1 Jlu (j^ AwJiUJI 

jj£il (jie rDNA _ll 

(jjaJI jl jsluilj CjIjj (_£JjJ Sjj*a SI ^ajjolj^ £-« -^j-^-^ ^L«Ail (jj 

<* * JJ all Jj^^l (jx .!1j12 (JJ^J (Jijl (^JjI (jJ^Jl ^uau JJC. j " jj-JaxIl (Ji.lj 

JjliiLg Ai^^pljJI ajj> jii ajLc. lifliA S. cerevisiae Sj^*^ J ^ Jj-ajjll 
yd (Ribosomal DNA ^\) ^j^j^J RNA-SJ >iuJI DNA-SI 
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.{ jja=J (J 150 (jc J^! V (tandem) aa*u ^ juaJ 

^ j-U^VI Jc. ^Luu (3.5 JiSlI) ALaj^! ^4 rDNA_ll f UaSI jl 

(_£l) (J ml i hMI AjLuU £3l j^i (/y« SalSSlI j-'l a^Lall ' . Lbfljjl ;) 1 ° I L«a<tt3t jajjJ j-« JJ^I 
rDNA 51 Jj.iiL.iU Aajoij ^3 aa^sjXJI ^JaS \hi»A ^ La lit 4_>^U. t(rDNA £3>a 

aa& j* Ajjj jl (jS-oj .AiljJal ^jlc rDNA (j* plj^i J-4^j ^g-Lvi. JSJj J) JjaJjaS 

ii]^}a_a axa («.taliVI jt ^)xitjd\ jaaJI £jJaj JyLi. j,a g a jj ail jaaJI -c-uii 

uat S-iLlj i _ s Jc aIjjLJI o^A ac-LCi sliojYI Lvi 1 <a JXi. ^ya (' axj jl) ' ° '» i 
i i^",,,,^! jjail ^lajj saLj j (jUuJa ■ ° jjj 3 L_ljlLvo]l jaaJI (j-a 4^-a.lajl ClLau ulSl 

.Jjjla aa. ^1 

AaLsC. JiLi. cllVLarllml oat Ijj-S ClLa jjoi j^sj^jaULl ^t-aajj ^gjll Jiiljill jj 

^Jc. i_J_aLLva]l jff-SI juj aae. o jLjJ) ^j AiLiaVUi .CjLl_)lasll JJJ^J 

t _ s i2 . ja»-a Cjjj-a JlaiLul jl JJa*al JSI _ai]l oa& J1.at1i.uI j^-aJ ' j» jjai_a-a J^£SI 

ja <J "Jl ifLmVI i*tj..K" Jaaj Jab JLa*iuil jSaj" S. cerevisae ojaxii. 

.a 

aJ ^jjll Cjjj-a 6000 S-ljl^J (e^J <ij^>«-a]l i(g'i'n> jJJ j^>) fljja^SI jaa. 
jxs jaaJI 4_»Jja ' ° ^ J tillaj t(J>sl£jl - jila SI aLuiLu ajaau aaa Lguc. t 'a^SI 
(G418) jajouLala^]! "LajlLa Ujjji "JlaikuVI ■ - 1J i ill S" J-aiJ .4aiaiajll 4aa.lall 
4o_j^a al j-a]l jaaJI ^J&j^a £-a JaLaiLa j Java (j^aLi. JjjiLjU 4a9^)la ^^ac. Lc. Jjj-a 
^^ia jaj (jjuLiluJI I . LLoilall (jj y ^j' m ^ij^ 'Uaujil _aJ C-Uuil£3l ^ia3 jjaLaJj 
J£jltt]|) oja-a iS^^i ' aafrLiiall (j^?JI ^ (J^ JuiiuilSI ^-a L-1LluI£jI 

^jj ^»a tjaLaiJI j)-a I - '1 iff ** < "-J"f " jl (j^ ja-a ^aj dlLuiljall oaA f-k .(4.5 
jkla jl Laic, c ja^all 4a>aj (Phenotypes) ojAliaJI 4al£Lill diljaiall Qc daaall 
g g ' a a j^a J^-jl ' LuiSl] <Ll3 AaKji Cjljaia ^1 Lallla c^jjj V La (J_ljj<a 

jaJ DNA CjX.iiL.iu Aaajoil ^jjuLaJLall t_ja»ila]l JLmluiLl 5". Cereviside CjlaaaJ 

J <La jjLaiJI J J^joil (jajLcklaJI ^aAjlilajl jb Jaa. jl a3j .PCR SLl Lj^Lul 

VLaiJ Ja_ai_\]l aaja ^aaj ja-aaj oja^VI oaA jj Clla tAalaaa SI Cilajiaa]! 
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JLmU ijjj^j ^(jujUaJI i-iiiihlU) (Transformation frequency) 

'(' '^'■""ll (JjJ^JI j ^i^"*^ (JjJ^JI L_al^)ial 4 _ 5 ^C-) cJjJ^ 3 AjLiLa DNA (J-mlnU 
4-iLa£ JSJ (Tagging) J^uil t JjLaiJI .OJJ-aiJI .laioa _jA Lo-a J jLl 

.(Bar-code) ^ jjja DNA <j^?J 



^Kan 



JIjj1u«VI CaaJS flJaAuiL S. cerevisiae e ^ (deletion) :4.5 <J£&1 
(Kan) i »jl - ;< i| <L»jlia ^Sc (G418) jj' ajl «*<w ■■!< ^gjjaj . (G418) &j u^jl » IS 
(j>iiij) bp 40 cP - *-" J *^" "j (P) cij^ ^ * t - ja -' 

double cross-) (jtuufl jS) jjjjlSL (homologous recombination) 

jJaa ^ ja>» <ji f>*>« jj^l j OA^^ 0^* (over 

^jjjj^a j*j iilijaJ <> (ji Luj .(DNA repair mechanism) DNA_li ^uluaj 

AjjUj <Lfrjlte.ua LjiLi Lr Sfr j^VI ^JIj ^ J^-aJ) Ajiafr t 4j^ AjlaUl f LLI 

AjjLii]! ij&pj 1 "* u- 4 ^ 1 "* j^- 9 (diploid) AJL^II ^ f -j*^ »it 

jLJxJI ^yJc iSJ^ tp'^" ■J**" J tP 4 " * "y « '" jjs- Sjja^JI a jj «a SI Lili f l&jl ^jj aj .A uLm 
SISHaSI L£UJ! Ktifi'i j»j .jjLkLII | _ r k> j;. J ^ <LlUa ti^J G418 lSJ^' 

^ jUI j\ .^uljji li-l jjS jiu] ^IJilV) ^L-l^VL (sporulation) jj^iil 4jL»c. ^jJ 

Jili (j - *- * *ll (jj^il) niill sjilail I . (haploid) AJuuall Agj) fi-) ill 
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(j-a . diYLaJI *^"* " LS^ ^' ' "*' ' °.."* 1 a cJjJ^-j JJj3 ^1 jjic. ^LaA:! 

CllLajjj'Vlj AoLubalt ^La-liYI JLaxIuil lilLiA Jjjaall -^JP (jjluia^l '"'V j a all 

^ (REMI J Restriction enzyme-mediated integration) ajj^J 

(4 J' oalt jJail) f jil <_$ill ^J' aaJI ^jJpVI (jJ jllL) AjLkll -iLajiLlI JUJ 

^La-ljl (_lSU]l <J ^JjJ REMI Allja jli jl - jjja SI ^Ij j3j* 

.(5.5 (J^-*-^) "j'vt^ u -0 ^51 j-a JSUSI ^jx a-i^jiio ^c_uii 



E 





^ jjj La .4jjji« AjIuu Aajj CjIj DNA c^Luiiuu (j^lli) t> gjti (Ectopic) Jati 
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dua (REMI ji Restriction enzyme-mediated integration) CiLujj^L 

Jallj ^ ^>uaaJI Jf>^ jJaij SI J&[ DNA-JI fLjj&l JjiJ JJS ji .JjjajJI 

La JLui ^Jl ^jjIaSI JLuJI (j^i JjaliSI Jj^jj ^jJl u^ii ^3 . j» j^u j^j jiil ftjfr 

ft^A ^Auu <jj jJddl ^La-liVL 2jjlLa . j»j^u j^jjlll fji ft Jfr jjJal ^Lajj^U JL^aSI ,_jiaxj 

£a_J-a ( _ S J& -IaI*-) I ■ j^Jjll g-*-^* 4 ^ ilB^' uj 

a jaL <J-«U ^ ^<u«jj Aspergillus spp i_ii^> jjic Ujjjki ^ 

(JjjiLjU (-3 A^lli^a S^flla J-aaJ <DLj AJLi^j j ^^^La-ljl <Jalj ,j (J jx^a 4 ni a 
I ■ lAjuilj J' lij JaS2 (o^Ala (JjJ j-a) jiaJI •Ltf?^^ L>"^ CS^" 

>VI jalLlI o^Jj JSU1I jaLkll j^l 

(jAJ (j-a (j£3 j cLliJia LiA (Jjj^ill ^JjJ (jj^J .(6.5 (J^uJI) ^jjaij-ajj^]l ^ 

(Specific gene disruption) JjIwj] u.u.itull ^>aJI jjaJ! 

^>laall oj^-a j (j;l*-a dlj_a<a (^J^J iS^ 'S J' aa f^3^^ P J^"° 

1 (j-a JJ^I a^l& l^J jia) C-L>LuiluU (JSUlt L£ lc. ' il i aJ (jl I . LaUj < ^ SaJa SI 

.(7.5 Jlill) ^aJ! j3l£ll ■ il^aj JjaJ %5Q 1 j> 
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W pytG 




^^.jjSII l_I L 




( 


\ 
) 


\ — s 

M 


/ 

f 


pyrG 

II * ■ i 


pyrG 







^ Jji^SjjjSlI 3j|j| f^jji a jLi J*aj ^ill (PyrG lOCUS) ji>»i Aajj : 6-5 JiuJI 

jlaa (orotidine-5' phosphate decarboxylase) i-Aiwji 5' O&PjjJ 
jjc Sjika Js. A. awamori jj^aafl SJbLJI csjj»j .Aspergillus awamori 
a j j^j ■ j (Uridine) ^jJjjjJI t_u£ jj ^Jaluu V JUi jj» PyrG £uaJI AJtli 
SJftli jjc PyrG ^> " J* 1 -^ ^ -^jj -o^ 1 ^ lt^"-^ tr 1 '^ 

Aijjiajj ■'Ujirtrtll sjiiaJI je 1 ilia » DNA II Jmluu LJ Jc- ja>»J l^jllj .sjila 

AJLxi 4^uu PyrG £ua>» <Us jaUll j^aLj (S) (jjii* j uuuUul 

^j^jjiJI j JaLUI j»L»ail j jlaS JiLi. <> j jiLJI (jMSil!) jjjxSI ^jj (lj) .JUa PyrGgene 
ftlul .(4.5 Jiifl (j* ^ (DNA Repair mechanism— DNA-JI jjiuaj 



(I) 



GeneX 



x 



X 



5' 
5' 



argB 



(JjLuJI J 1 nt iufl ^Luiul /. taja II jJaall <j-« o^a> <UIJ| jl ^ja-a : 7.5 Jitiul 

(jla-aJj j»J (^f?- J£i kb 1 Jjiaj) 3' 5jJa £4 <U ^LISI j 5' 4£a. £w> (ja_»JI Jjii) X ligj-al! 
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A. Jai <> argB iAia t JaUfl (selectable marker) ?l£u! jiaj 
(IjjjJaJI Ornithine carbamoyl transferase I jLi J*aj nidulans 
J&Ji Jj (<|j3WI jLuJI Ji»J5LJI Jjjaj j»% .(Arginine) O^J^ igJP^ 1 

<L&Lui Jjj^j ^jj ^ .JaUIl ^a Jj^j jj^*. ja>a ^ j ^ j^a^ f^J^W t **^a <j!^i ^ Jai 
j, ■*.!■>*. -ti ljjJuLj Jj^a^ iilij glii . JaaU) Jaliil 4Jauljj argB J Sjila J^Li jiaiJI 

(|Jjj ^illj i(S) 4.5 cJS-JI £JJJ ^ (3'j 5' LJjajM ^jluw J&) jLili (^Jalflj) jjjxj 

Jiu .(u) (marker) argB jjaJU ^^^ajjiil Je X JIjjU JJ 

Gene cloning £oaJI jl JtuuU 3.5 

(JSjoij i illkj (Jl j V t 3 ■ . ^ 4_uil jJj dsLJail! ' 111 jja (Jjc J ^Laall (jj 
2 , jjl^j] CllLljlLa jLucI aJ .Igiuilj-S jlj^ll jlaill i il j . jjj JJj£ 

i CjI j J=a t al i \ jc Ajil£ll AjiiaJ! CllLa jl*-al! jj :Oc jc <La^Lil! 

(jjLuVl ja^JI 1-lSS * JasSI <_> SjaUall CiV^LlJ JLutluol jl liLj V .^jJaJ 
■ -ajlU (JSjill sjalia CjV^Lu: JjJ^-j (Ai ' "'J** " " ^ *'J? ^ ^Luilil A AaC J 

CllljUi. lilLiA .La (jjjj^i <illaj .Ij-lau jx (j^-aJ La lAA tDNA (JL^.jl ^Jajjljj 
.lclj3 J Cjjj^I] (Jjjiluull jc a J jllall CjLajLt-all (Jjl^J J& Aaixj 'ijS j!La i£^-\ 

(JSJ AjaJijll 3-J ^Aij 7 Ig-il Ulc i(Database) CjUjia-all 

^aii jj " SI I^J VLtSj llmLla t_g jjjatjll ^LuliVl 1 " ll Jja SI lax J Jj AiuiilLi 

( i.'ii^SI jLaJ jJiSI 4A^jU1I CjI jjxjSI S Ix^N ^ a3 a^UU oJj^a. AjjJsjI Ailli j JLki 
.(_3^1a]l lilli] AjjmLoil J_Jjlxa Jj Laj3 (_pa^>*j 4 ^Jj;*- a CllLjjSlj I g 

Mutant isolation CjI jaUaSI J> 1.3.5 

J^Sfl <iuii jll sj^a s jiJaJ (Complementation) ^1 jj 

dlljiiaSI (j^i ^_jjll li& Jc (Jjj-aaJI (j^lj tAiilajSI ^ _al*<a (JJ^. Jj>*J ^SLii 
AjjLjjjill J-al Jij .<XaAVI Clllj AjjiaaJI lllVXuJI j-a J <K ui<i 

(jjiljl jCjjjjilj j d Jf 1 aSijSI C3J^ AjuoiVI il!La) ^jaU^ll AjSLjAlS SI j 
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4iLjL Cjj3jj lil Cjbjiaall cjljiL djl.ia.V (Nitrosoguanidine 
.(Growth tests) ^s- Sj-iaJI jliiaK SjiLJl j -3^ &3 2^... 

(jjljtjj LaJ <a_iii\l (Jjdij jl moll (j^ A a '"'1 na ^ ellipsis (jl LaJj 
(JLaatlml ^^Sc (jjlSJI SjJS jliSa.1 <j-a t j-aill ClUUalaj 4jjI.1x]I i*A -*.\ < 

.jlUall jjaJlj dlL aa -JiSI SjilaJI (j* jSuj 2jiji-« 4jjl Jl J-a 
jA SjiiaaSI AjjLiaj^]|j AjjLijjall (_i«lj*J! (JLajtiui! £_£jLum Cfi^J 

j S. cerevisiae ij^- ^ 2L^j CjJjL liS .2 n>na\l Sjilall j a^jUII Ai^ll 
<jjlaa t-jbjL-al *-« l^IUxlJ (jisj 4_a jjiia Ci£a! jjjll TV. crassa j A. nidulans 

£ya AjtlaS J-'°^*"'^ (j) ^'Jf SI (_£jJjjia1I ^^Sc 4 ■ ajjdjubo dlLml^pS aaJ ^S 

<(Insertional Inactivation) jjaJI <J^*jj lW-^SI ^y=n <j^l <^ DNA 

' ° ^ SI li$J .aJ!.la_a sjiia ( _ 5 ic J jj^aaJl JjJaiVI Alj^lall (JJaJ (J-alS ' ° ja J jl 

^itjiK DNA 4*1=2 ja j (Transposon) jjjj^l jj J Qjfijll JL«lJ jjLaj 

ti\j^s .'ijjiiS i <1 3 1 r-il ^ I axil ^ jlia. ^^Sc __)a.l ^1 £2j^s (j-a (Jaiill t^St SjjlS 

jaJ ujjjf^j^ ^Sj*j S. cerevisiae <J SijUl Ty (jjjj^ujljj Ja*1uu 
jjU^j Candida albicans j Schizosaccharomyees pombe —SI ^ 4jL1* 

cAjjlaall ClVvLull (2>o -i-lxJ ^ Ira SI Jmhn'lll .IjAaJ illfuus La£ j .(J^jaJ 

^xj^ t ~^'y* > ' SI a * ' a ' " il j ia SI ^a ^-oj jj^ £^SI AjSIjSI s^J^aJts IaS 
CjIjjt > ^c.^)11j dil^aJaSS i . u — SI (Tn7) iS^S&t (j j j jfmjl jij (JL<utiuiU 

lilLiA .^lajSlj s^tlj (jjjjfuiiljj Aij^jla tA^Iaja SI dlljjiaall ^ lj al lalLml 

• 3.2.5 ^-laixJI ^3 UjSi Jjljo: j£\ REMI— SI Jia-o (jJa. Jjlla*jS (_J ja.1 Jjjla 

(Phenotype) jaIL J£Ji CjI jilJI J ^jjj^aSI ,> 

•; jaUU <L«LaJI Ajla SI (j£ Clla jlS <U^-m _>fi«J SI ajjta. ^ jLa. o j_)ia o^Lo 

jj^ iaj ^-fl...aJ AjS jl jl_j<o t _ySc ^ jlaj (Agar) jl^l 3^°' ' (J- ftT ^-'-'^ .AjjoiLIaSI 

Aj^ala. to jja-aSI jjAw'unA J ja. Aj jL jl (Clearing ZOnes) 2_jaL<a Aiiala 
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LaAJ {JJ^tfl CS"^ ^ ..'^^ £J^" j^)^ ^-iLaJ^^ S^ifcJA-aSI CllliiaJI Jj^ l!^-^- 

(Agar) (jLilal <_L«iau U£ -AjL^JI cjbjlaali jAJI Saprophytic 
^j^j (jc ' a.*<u tiilij 'Aj^j u_jo^ j v ^< (Starch) eLiill ^^Ic. ^jiajj 
J5L Axola. Ajijjl jiuil tfJL%i Ij&Aj .(Amylases) ^LiiU <lk-a]l jJjJ cLujil 

CS^ (j^J^)^ £J-<aj-aJ al.liiail (j^M (JliLaSI J^f" 1 .djljilall ^l_jjl (j-a 

^-3 ojlt ci-aJtJ ij^J^W Jj*V^ *J^J cJ-'-"^'-'^ 2^"^ ^""^ tAjla SI 

La! tAjla SI ^J^-a. U^fJ^H^ f ' " " (J%*^ t a j^-j jljL.iiSI 

Lj!yLaul slsajl (j^ 0 :! Lfc-lic ' jlj^VI 4-lLaE. (jc. <Jj_^jol« Cjjj-a o^ila lllL aa |jj 

Mutant complementation <il jiiaJI (41a£j) ^Hi 2.3-5 

i^i <^a. (jjlSJ f»jjj?> ^(jS JlaJ ^gjll DNA — SI £-la2 g-aJ 

JjfSaj .AjJJaJI 4 n^<iSI ^g-ajoij DNA-SI cjty 

SjlU (atoSI) AlaSill UaC 

^jjj jjlj (iua. A. nidulans j S. cerevisiae ^-sLu^VI iasa U.L>j cjiul 

jjjj jjAjj V dll iia SI ' 111 aala (_>a*j (jj .(8.5 (J^*-*SI) LS^ JjjaaSI 

jLLI l^SLa*iujl o^jj (Conserved) "<Ia jia-a" cjliij jjj Up! ^1 ^IjjVl j 
AjLk ^ aLuSI jSlj iE. coli— SI LjjilSj CjIjsL (Complementation) 

^}JC jJa (j^*-* U^?* 4 AjjIj^S (j^uiaVI Aij_)iaSI _)iistJ .Jj^VI _jA ^^ilj ^laS 

Jli.j| (jS-aJ ' bjJa^aSI jlaaSI DNA ' . Ijllaiall (JAaJI (j^ 1 *^ J ^La^jl 

5 1 . cerevisiae dk» jjLaiJI <>> jj£ j^c ^1 (iLajX) c5jjIj DNA 

SAsu ^.IjJJj ' 8C.I i <aJj (jl (j^-aJ ■ lua SI J^lj AjJaja SI CjLl_)l»all ^Ijjl 

4 U,„lji •; jaUW <AaC. Jjj-aa. ^1 (jLia-VI <a« ; ^3 U^J .^ljoij 

oj£a J . j ^gJllilUj i(<ajlia!La JJC-) (_p«jSI LjjJaa J ^-a 4jjla!La ■ - )1 lla 

. dl Jj-aSI Aillaj (jc. 4ja_jli-a 
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A (Wild type) j&H J^j ^.jSHj 



a 

7mm 



■ O 



1 



— EZZZ3— 



O 



Jjil»II "A" ^^Ljjbfl j^l 2L>li ^ "a" jaUaJI j fc-CS :8.5 JiAS 



^ 



CM 



>- 





' — 1 y- 



5J 



VP 



(^jl ullo JAJ j 0 juli . I 



DNA.JI ^ A w « ;; UH ^| (□) JL&I Jiu <a jik^l ^jaJI (^) 

Lj Jc. J^>a jlaili Ori ' a&L ail! f-ii (^H) J^*JI Jlu -(~) sj-»JJ ^ A j''Jt M 

^ yfl i^lafl Cil JMJjmA jAajiUSI Jjfr (jLaj dill . JliSI lilli ^1 jJjj La /JJ^2\ 
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(^La.ljl (jj-lj) j»JJ^ j-aj^£ll jL^ ' flC.1 i all (_jiSI Al* j^-JI jj (J^J 
.ll^j^LJI JLojtLul (j^-aJ <illi (j-o ^C-jlL . jjLaiJlj AjjlLaJ AjlajiJI ClAj^>I»aSI 

.(9.5 Jlill) 

(j-a ojalia <DLui Jj_aiJ .lie dltjja alt (j-a (jJC._&j ^gic <_L^aaj tiilSj t5 J& (JllLa 

LjjjSjII <J Jaju jji>a (jja. ^^ic. iaaa ^S-h t> 2^Jw A nidulans 

j» jjja. DNA Ajlai. ^-laSj (tlAj^JaslLi (_>aLiJI (on) c_acLj»iSI £3 j-aj 

Wild ) JfrlaJ2 CjIjj^JI (j* J jVl £ jilt Lai .(<jjj.}]| AjS) jlaall 

^aiJI DNA— 11 j^lxa j-La^jl '(iW^^I (tyP e phenotype 

iaja ^jUill ^-jill Ul .A. nidulans ^j^j-ajjS 

jAjj 1 g i ^-it J (Sectors) £-]alLa (j-a (jj^JJ ' - Ija J tJjllaSI ^^Jc. S.1^1 jll sjaxIuiaSI 

jjjj J , Q 1 ^ II i . u.'l'ti |^A ^JaLaJI j-ajll ^clil •Ij^Lla ^)^VI (_>iaxJI j LxJfla 

4jLaC f.L£l -ilij (jJ^SI (J- 4 ^ -^j^L Ciaajl DNA (jJJ-li-axs 

<_L>1£ (j^a^Lklml (J^jLi. fjM . (dulj jjc. 4_j| ^1) Lj!)LaJI i_y**4 ^ 

A. nidulans— -SI <> (ajjIjII jj&) 4j<JaLaJI cjtj^alubalt LlJU. <>> DNA— SI 
^ ^jfl ^ jiaill DNA— SJ J-UJI Jxa JpLSI J> ^ £. coli-l\ a&j 

^ AiLjiaJI oA4> tllLWa. j-a .A nidulanS <J ; U»oiLuVI ojilaSI 4la£j 
(j<a .1^.1 j (JS1 ((_Lsl£ll DNA SI (j-a) ^J'Jf A a J..' L ■ ■ lHaJj V j 4ju^ui 

Gene isolation by PCR PCR —31 k^h 6«JI J> 3.3.5 

J Polymerase Chain Reaction) cJ.il.nJ Sj^LSI Jelij LJU 
.(8.4 Jlill) <J>j 

(jij jjj (j£ CllLa _al*<a j3jj £ya Aj V '(j^*-* Ltf? 1 ^Lailil ^fl Ajjaill o^A ^iJJ 
^cl jS ^ 4j jiiLaSI (jJaJI DNA (JjjAuU (jC-J ' J^l (jjlS Jlic. "Lj-jLi-a Ailla j 
f J 'J^ ^ cJ-'-"S-'-'^ (j 4 - A«juiI J CjLa_4la-a j2jJJ iiaaJI ^j"'^l .Clijjij'yi ^JJfc dlLa_al*-aJI 
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£A LJI& j3 jJJ La£ . jljjj dlLo _al*-all J! jj V j iAj^Lall C_sLi^VI (j-a ^JA»JI Ait 
^j'-— » ill Ig-iJaa j £-0 ■ "'I 'j"'JJ.'^ jl <^jljJJ-all tillj (JjoiluU AjjlLo J^Li. ^>-q 1 » ajl Sa j 

l$Jl<«U (Highly conserved) 1^ ^ jia^ cjXaiLou ^^ic J^aaj 

.PCR— SI J&liil ol^b pJa ,^ 



r jp»ll DNA t> mM 5'- 

3' 



3' 
5' 



PCR J»U3 



Jji PCR gSi. 5' 

3' 



3' 
5' 



,jffl PCR 



^asii pcr Jtus^ 



5' 
3' 



3' 
5' 



Aliala ^ I'miii 2 J 1 Jfrlij ujLjJLi Jtjj^i (j^> <_>ajl2 ."(jnjuit* JjjL" :10-5 Jitill 

CjUjU (> gj> .^jVl PCR_!I «jk j»jiluu i jj^luuil &±±1\ <J (conserved) iiajia_9 

J^xluii j '^J^l (j^al '"^ Jil J J^J J*' 'Uajii-a (jjal La J^a I'mani 4 J 3 Jfrlij 

JeliSfl *L&) lilljj .(template) ljMs ^jVI PCR—II g2i« JULLu»L a^IjII PCR_!I 

. JUS JSJij 4 tja i flJJ I I lAl iutl\ (JJ^Jl Ji nli lUj 
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ojjLo cijljii ^gk. isj^ (Genetic code) s jiill jl Lajj 

jjjjS ^> J&L jLij jl (jlxu jll ^j^Vl i > a ^' u> J\ '(Redundant) 

^ ^S-j^aVI ,_>^-aaJ JjuiLuJ ^^Ic. 4-alj^!a]l) J&lidll dlUjlj jli i(Codon) 

1 « SSjj toJ^stLa (JjoiLjoJ i"'V1 **-<.t dllj DNA Cllljjj^. j-a £tjj-a ^^Jc ( jJJj^fcJl 
(JjaiLaij jj^J AJliLall <ULaJI ^gi . i _ s l±A^\ (_piA^JI (Jxuluij i_ySJ laaU LjJ£ 
(C^lidl jjJ j£31 (j-a Jje. (Jab l^)Li-a <Ua all (jjlalia ^ 4_liLaVl (j^aLa^Vl 

4-1 jc- dill) j^, ^IHjJ j (_Jcli!i]l lIAj^Ij jpi - j « ■ 

jjLaJil CjLisjjI jluj lilU^i t^^aj La CLi Jl^".,.l | jjj .PCR II Jc-^j 

(Nested 

JcUj axj) JcAiSil CjUjLj jLul jU>jj Ajjiill sIa ^ J^utLuj .primers) 
^ t PCR_U ^atai J^liill ^ (jJjVI u^jjll ^ill JjVl PCR-SI 

.(10.5 jsjai) jjVi AiLiji 

. ^ , w<\i axj 'JjVl J&laill j-a (Template) <— JIS1I (Jlill J&liill 
(Agar) ^ (Smear) AiJal JLSu j^kj JjLlI ajjUl* cj^jj?. 

^ jcIjSII lULcj (annealing Temperature to template) 

JLqjUjJ jje ^LaokU 3-lJ-La Sjl jaJI 4j3 jj£j (jjjJa JL>-a lilljA lillil tDNA— 31 
i_!JjaJ <—>aJ 4-lLa»JI 4_i^lj]l <jx A alia a (Jj^LuiluU dlli (Jclidll dAjjU k j-a ^HJ-a 
JJU-a lilliS j ( 4 _j\!iJI j JjVl J&laiil ^) ^Ual!13 Aiiii^a Sjl ja. ClL>jJ 

i a» DNA ^gJc- Jj- aaJI (J^l (_>a tiilij t(-_i]iLxi ^jia-a tllli 

' a^luiall Cllj_4AiLj JcUlill CjUjLj (j-a Vj ^tlHj V '^JLi <Lb ajj aa 

^ ■ ojj -J-*- ■ '--"'11 ^JXa j-a 
AjJAa Aii£-a j-a J-al£]l j^aJI Jjjc-J *15jjV jUjola^ Uj-al^ijjail 

A -\jd5l ^^Ic. ^aJ3U V jJiSI jJaJI J jc (JJ^ ^ cs^ t ,T ■ ^ j] 

jjaJI li& (Jj.nli.iU AjjlLa jl .Ajjlljtij jJaJl 4 °J^J U 4 " ^La _al*-a]l ( ^ \\ jf- 
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QA .L_alj (JSjjb JJ - ^ J*^ CS - *^ '^j ^ > ^ ^ J f^JjJ-ali 4iila J 

j-ajj 4jJ-aAl Al^j^ tjJJaaU jl _o^-a el U^^J U^?-^ 4ijJa j 4_uil j.} ^ajJa 

^ajJal j (Phenotype) aj&S ciilj^ ^Jc. J ■ j ^3 lil Lai .^^l ojI£1I 
.(Gene complementation) ^tail i^x JLmlLJ ji^ua tAijUl oia> 

4 jajII LijjjjJa (JJ^JI (jj-^! La^jc. A > »-it a t<La»ljLibail AjSl . r-iV 1 ClsLiJjl jJjuV I (jx 
Aij^Iall oAA A«J*J Ajla SI ^cjLill (jjjj^ill <_>«aii. l^a 4 _ 5 1e- j»J^J 4_s^H t£S3lj 

oUuVU cjjjJI (j* aa-mu aj RNA^^lc. (Antisense) "jL^xall J^aJt" sLa^l 
^jLucVI J jjjjII RNA— 11 (Complementary) aLuLuj j!a£!a j ^U-al! 
si* dia^al .(11.5 JSjill) AjlaJI Jja jj-* u^jj^' <2^U ^> jLa (Sense) 

jjLaiJI ^j- 0 (J^ 4^3 Jia-o (jJ^ Aillaj £"ilj (J^*-^ o.l<u*-a Aji-ijl jiuiV I 

.(jUa-VI (J^axJ ^ I $ 1 ui3 (j-a ^ftjllj tfllj tAjlajaJI illLsjJaslI j 



I 



I 



I 



I 



5' 



3' 5' 
AAAA + 



3' 

AAAA 



.1+jVI u^Lu mRNA 



•UuVI^U-mRNA 



5' 



AAAA «■ 

3' 



3' 

AAAA 



5- aJ^JI RNA 



sl^ttl ^jiu. RNA-JI »l laa^Lj t^ujjjll glijj kulU 2 _,<,•,!<,. : 1 1 .5 <J**iJI 
(JjaUJVIj X 4_i jUaJI (jjaJI J*J*J ja J;k". „.» . (antisense) 

jli iJj^JI ^Lal (jjaj sLajl ^Jp flu . T j*jJI 4_fld jj Ji uluuj P tSJja^il LjJa iltaj 
(jUj^l j .^j^UaJI sUjVIj <jjUl J tsL^jL UAAai RNA-JI 4>> 4JJ& ji 4^axj juJJI 4alaC 
4> <jUhaJ £jljlA .i-ijlall (Poly A tail) JJala cJjjj o' J J>» 

4> ^UjjaJI sja 4jjj£i o! .^J^t tj^jj RNA oj£l Q^xA) It^aiul f^jLSA RNA-JI 
.^jSLj^l ^ Sjia.jjli >UJI j gJaLUI RNA-JI ^UJ lLul 31 j$ ^ RNA-JI 
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PCR and fungi reaction cjbjJaillj PCR-JI JeU3 4.3.5 

^r-uia] Liajl - lalou I " '1 jja SI J jfc PCR SI JLaaiJ AiUiYlj 

tAjjajaJI CliLi jUqll (j j alia a dll a_aJala JJa St jjjajil 4 (j 9 j 

Sjlljj A-LaSj DNA t _ ? ic J jj^aaJI ^Lal I lijlc jlaJI jl-iaJI JJ^J (J^Ai 

jj^laj .^jjjIj JjLlaj 4 _ s ic PCR SI (J-"lj (J- 0 ^ 1 AjLaxS jiifuilla 

(JSjjiJ A ° i odJ a a a a SI a Jj» i ,-1 JjLllal ^ (JjLui Jajjj jlasil dll ja*Jjoi« Ajn'n Aijjla 
(S jlaJI J jaJI J JJ tiua. '(MicrOtiter plates) jyj JJ^» AajL^a ('nam Aaai^ 
Alaj* «.L±il AjJIjlSI SjljaJI Aa.jj 1 .j"' JJ.'^ cr^" tJ ' "*"*• ^ t5^3^' tjj^"'.' 

Jk. Jj^xaJI j Ci^iUjjjjjJI JjlaJii PCR— SI Jc-^j ^ (Denaturation) jj-L«JI 

AjtLS (jc. (AjajL^SI ( _ f Sc e jjt , ^<SI jUlaVl yj) <->aj]| J ^uiaIS - v^*...j DNA 

.(12.5 Jlill) j>^SI jjja^JI t> j^B ^1 AjjlkJI DNA 

t jlaa (Jxdjujj Alal^SI LiLaJI jl £-1 _jjVI j ~Jj\.'"'^ " ^jaJjuiJ jai J j£i JJJJJ 

(JcLaiS DNA SI j3 jjj Ajla SI jlaiil j a i AjSIc. is jl ja. ^^Ic. S jjj^aS AjSjI 

.SJJJC. t_jLjla2 i il j . ,-il £-a Aj^alj Aajjla jja j iPCR SI 

Heterologous gene probes J*aSf! 3 alia ^ £iL&. ^> cjljUuw 5.3.5 

DNA - laJjaG '(j^*- 0 (Jjc-J AjSIj Ajajjljluil liSljA 

(jjjjjiSI (jj^jj) s ^ _ja.l-aj '(Probes) (Jain tin A.t_ul<i -ilj-aJ A-o^u^a 

|j& Aj.ft.MU j£-aJ .A_La l_jjjaSI Jjc jail (^^Sl tiS^ (jc- I a ^^a. ' ~ ^j* 

Heterologous ) J^Vl i-i3ja-a J ^JJjiSI ^^iiaJI jLluiaSLj jLiuiaSI ^jill 

jjj) AJUaSI (jja^iSI j j}± jjaajl aJJ Ajjaj *lja.l jiaj .(gene probes 

*Lajy*a j Ajjaj Jila. (j^s Alj^)]aSI AjSUi (jc i_lii£Jlj (Jj^VI ^jiSlla-o DNAj jLijuba 

(> iaa.1 jSI AijaJI DNA— 31 Jaj fij ilua. '(Southern blotting) (jj^J 1 -" 

(_Jj3 .(jja^ilSI Ajlac ^jj ■ lua (jjljlj c-Luic. ^1 (^L^^SI (J^La^il J*Jj) jlSVI jailA 

i . uUlSI ^ .lg-oLaa.1 i Jim Cjljj_)aJI ^-UJJiJ ^aJj aJ a3 DNA SI (jj^J lilSj 

(j* Aa. JJ liSLiA 
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Hybridization ) u^m^I Wlc ^ ^1 sJjaJI Jjil\ jli liilil tjjilii^ll 
^ij (jS-oj US .aIiHj jl i -ja^j iajIIc aj^ai jj JJx. ja (temperature 

j-i ^^LaVI j^JP J^-^ (j- 0 DNA SI j jLiuiaII ^LaJjl! Ajj^ j- (_g jj.i.ii.<i 

(jjj-^ad]! ^ill jiLiui«i] (Jjj-al! (JjjulII) (jja frUlt Axj pLuaJI (JjoJlI J^xIuiaI! (J jla all 
AjjS^JI ^joiaJ Aijjjall aAA f\ 'iV'unl j^oJ AjlULall ^jja frill i_S jji JlO Vi . (Ijjljjic. 




oooooooooooo 
oooooooooooo 
oooooooooooo 
oooooooooooo 
oooooooooooo 
oooooooooooo 
oooooooooooo 
oooooooooooo 



(_£ jlaJl jiaJI jjjJaA 



Jlaj .4 



oooooooooooo 
oooooooooooo 
oooooooooooo 
oooooooooooo 
oooooooooooo 
oooooooooooo 
oooooooooooo 
oooooooooooo "c 95 Ji u ~ ■-• 5 



gllli Jt jjjjI i^li lilj; .6 
PCR -11 ^HiS ^iUJIf Isii-l .7 



PCR .I>1 



£.1 J$ £jj A -PCR -J at >aj liLjkiJt i> ejja-JI L^LaJI jUJtf :12.5 

J 1 6 OsH £ jt j2 >*jsjjSJaj .^Ijc Jxuij ^ (Microtiter plates) jiu jjSjU jcjliua 
^ (buffer) Jjia-a ^jIb <^jlaj jil <jJa ^jjiLuuLJI U5li &a * j\a. Jijj t3*Lui 24 

LiLaJI o^*^ (JJ^aJ J^i H$ Al'^J (KCI/citrate) fjAuAjjjll jjiSj CuIjIlui 

'37°C ftjlj^ *^J-^ 4JLiaJ 4*Lui Jauj ^Jl LgJjijj <Ljiaill 

tjJISS DNA—SI ^jSJ 10 j 5 Cm (supernatant) ^iUaJI fjaJI 

.PCR.JI Jelii AjJIxII S J jaJI J5U o^jj jjJI jju dJjj < (template) 
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Fungal culture 



cDNA 



E.coli 




DNA-llo-SAi-l.l 
(cDNA) aIAJi DNA ^ .2 



(JL-3M .3 

DNA J! E.coli l& A 



\J W 

^JPM! DNA -II .5 

__~ : -'-l!- "- ; ' ' ' J ■- ^ ' . (> 




<d+SV\ CjS ^^j^ DNA o- .8 
E.coli .9 



DNA—ll ks. j; fu .(Expression cloning) ^UiJI : 13-5 Ji«JI 

I .< ^jj ijjjjio CiUjjjjj * jj^J ^Jjj^ LSli ^> Jj^LaII (cDNA) J^LaJI 

jjc DNA-JI jiij .f. CO// ^ tjcLaill j j£. jJ^jj ajj^LU jjjxj Jili 

^ul« ^11 jL-aj aj . S. cerevisiae sjj^ L£li Jj>»jJ Joluu ^ Sjja^l LjjjIJI 

^jjjaJI LLu jVI j ciL* jLlaH Jfrljfl ^^Sc. f LL £j^JI Jjc Jjia 6.3.5 
Database and linkage-Based methods for gene isolation 

j at jlL <j| I^jx (^ic i<u«j ^jll (Synteny) ".JjLji" ^ jVI 

B jj?Jt j A (jjaJ! jl£ lit liSlil .(s-s^ikt (jj.ii) (Gene linkage) ^^y^l 
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cdlL^lasSI ^ ^J-^a jSI I^A Jj'^-'t I jjj tX (jjlS ^ j» jjjj^sjj£SI (JJiij t_^Sc- jjJJ 1 a J a 
,4.1a L_lJj2 4jV Cj3 _jSI (JJiii ^ A (j^?-SI ~ i ""'J (jl (j^-aJ B (jJ?-SI cJjc-J ^ m*il -lie 
(jx JJC. liSliA .X (jjl^ll <Uj^aia Aaiia. <UaJ^i. Ail^)iall s^A I 111 ASaLa ^»Al (j-aj 

( i ol , : :,-,<VI jjia ^ ji.1 iilLiAj t l$jl uij£l j>J Aja. a J"f M iajl^p. 

•(1.5 J J^l) Ajjla-a]' siA -l.v^*i...l ^Lal £- jjia (JJjiaSli gJtjSbj 

f-ala]l DNA SI CjU&a -I laOjJ JJC I^Xall lifrS <SjOj AjjlLa liSLiA 

Sj*U. CjIjjI J iklmbj ijLaSI RNA (> j* a>j ^1 j 4jjJ?JI (cDNA) 
SjLil ^jaJI cDNA— SI 3 <'< a ^^.j .cDNA— SI ^i. ^1S UjUj Sjajiaj 
(^ic. lULjj LjV EST J Expressed Sequence tag s jl*Ul lU^-SI 
Automated ) AiajjlSI aLXJI ^ UjUjI ajc .^i. j^iiaJI CjX..1..>qSI l_sI jLI 

Jfrl jflj 4jjlLa l^SUutLul (j^-aJ tllLa jla-a 4jjlLaSI £>AA ^ Sa*J (sequencing 

I g *"*- JJ«-aJI ' " ll La II 2_] _aA fjC ' kjuaSlS CjLa jLt-ajl 

Expression cloning igJiP^ J LuuImi VI jl ASjM 7.3.5 

j!) ' " ^ '""'J J.'^ OJSj^o ' ija Jjc-J i in'lLj ^r-«>.i.iU j jjjt'iSI g.uuSlj t_a^>xj I ^^J-a 
^j]aa]| Ajajj ^jj Aljjiall a^A j .(13.5 (JSjil!) AjiaJI £J^" ( t — '^U^ 
^j'^ a (_)^aliijj -tjj'^V^ Li^J^W^ jSji-aJI (jJ?-SI J^m'n ^-aj-iij t_Sj^la 
AiiS-a j- a^j t( ^u£xSI ^uuSL cDNA SI jJjJaaaS J^tLjj j J mRNA SI 

S. Jjj^ ^31 <> DNA—SI ^ -E. coli —SI l)^ ^ cDNA 

j j (jc ' LjSIS ^gjliiJI iaui jSI JjIsj ^ij Sjja_aSI jjLaiJI Aj-aij axj .cerevisiae 

(JjiS ^-1 jjl liSliA S Jja all a J^*- SI <S jLibaSI Cjjj^JI ^IjIIjj H_Jj1LiaSI ^J_)jVI 

yarrow/a ^ j Jj>aaSI aAac jJ i aj.ho^ L^SLa*iuil jLaj jjLaiJI 
Hansenula jjjLuSI 1^-ajoil) Pichia angusta j <AT. /ac^w j dipolytica 
^-Lsu JiU. L^JcliS Aljjlail si* ciiAjj jSI .5*. pombe j (polymerpha 

jjliljljl l^-j-a < 4 " CjLl^jiaa (jx LsJ^' 150 (jc (Jll V l-a ^Luiii! 
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cGalactanases j±k£)l\£. <Endoglucanases j^S jK j^jj cArabinanases 
.jjoS Ujjc. j Proteases jjjjjjj 'Pectinases Jyii&j ^Mannases JjjL» 

j! jij ajLuiJ £-a jl?JI J ja. j Jj-" aj ^£ J aj£ * cDNA ^ylc 4ij^)ia]l s^A 

jl j^s V l-a£ '— ^1 *JJ"^ B Ajli ,j <Ul*i jj£j (j! (_paj!iaj j^jjll 

4 LlaJ Ail^Ja (jj^J jlj Jajoili]! A SS oij jijj^)ill ^tii) * J..'"'*' M UJ^ 

jjjiuUI AulaftJ <LuIajj ij^aJI 4aL 4.5 
Organisation and expression, gene structure 

Ajaljll '"^\;?- ^ ^uoiill CjljLil jl iaa.!}Lj 

.lift (jjaJI ^jKiA jl 1 i ajl JaaiU .Ljjjj£iH£ SUi,„j\I ClLul£]l Ljla IajS*j 

j£-aJ . jlaall j-a Aalii^o ^l_jjl jJJ S.lpC. dlljj-a ^ 1 g ll uaJ jff ia3 dlLl^>iaa]l 

ciiljLijj (<_i) t (Promoter) iilja-aJI j<u>i J ^..nll ^ Jaj^a djIjLil 
j «Jaall <Aac kijja ciiljLiijj (^) c (Terminator) *-miti A^Lac ^Lp) L±i a 
.(mRNA) Jj-J RNA-JI <> (Introns) £A3jkJ JUIjy J^jJIj 

4iLaui JlLaJ l£^)^-a lillLaJ jiaall j^ jli iUjii^J! CjIjjj^i L_i!>Li. ^gJc 

^joiill ^ ^a^a (Upstream) JjS la (kb J&t) 

.(tsp ji Transcriptional start point) 

SjSall CiilS S. cerevisiae— II ^^le <J jVl ^L-isVI mjVj J^- 

S. SI (j-a ( JJ^ all JJC-) (g'jj^l t^lja-all (Jla»Huil Sjjj^iaJ (Jj^ 'a-Lalix<a]l 

^1 t-JjW^I u^j 's-yj*^l o$*^ jx*-* ^ Jj^»=JI t> j£-ail cerevisiae 

Jaju jl j£aJ iK. laCtis — SIS tij^l JjLai. j* l£ja-a jl Cjj^Jal illJJ 

Jiuij J^uu AjIajaJI djb jJaall ^ Cil£ j^_a]l jl j . Liajl cerevisiae II 

t-iLu^al (-3 Upj^*j ^ia ^3 jj j^-aJ V jSl j tii.1 jll (GenUS) ^ jill j^ajJa Ala. 
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lil^a^all ^auiJj j)jji±uiU cJ-°*J Jj^' '(_y ft _P CS^] "—^^^-a^ -J'""' 

t ki mil j (Inducible) jja^j ^SlSM J**j L^h (Constitutive) t_i jjjJI 

C_A£^)i-all (jJCjill (jJJA cs^J •^^1^1 L_a3jjj jl JaxJLj Ijjj 41*js_j 

(_£all til^^a-all (j,m>-i (j^i jAj ijJ^I jl aa.lj tsp ^J-° -^J^J (j^ lA^J 

Regulatory ) j Lj ■ all Ciljjjjjj JaLGjI ^al j-a ^ Je I ■ bi 

(^ajjoj A j T -i&l jail ajs jjSj lilLiA ciiXoiLaull lilii j-aj .(protein 

tsp ^tjoiill ? JJ 4jaflj jjjaJ jjc Jjjjoui j> j i TATA bOX jl titi (Jjji^a 
IjIj (jj.Vl> a JjJ (Jc (Jlia£ . jjaJI ^cjoij (jxs (^jl) j-jluLuiI (_£ jJxu-a Je Ijal a Jj 
J jJJJjIuiJ& (j-o JjAM-^ ^ jj ftLP' -J*Ai) HIS4 (j^?-ll lil^^a-a j£jj 

jja.jxll (jj A il jaL ^il £ji^>j jc Jj>iJI (Histidinol dehydrogenase) 
^joull iaLij (jSlj i^-a^c. jl tjtj tjj.2i.-a j ji. jj ^r>.iilt Ijjj ^ill S. cerevisiae 

4jj3 Cjl^^a^a Jja.j ^^iii V I^A (j^lj -IjIj tjjVu^i jjj> jj Vj ij^aaj V (Jljtli 
ClAj^Iaflll tlll£_)a-a (ja IjJJ^ IjJC (jl LaJ .IjIj (jjVu s\ Je (_£jla_l V jjl aaJI ,j 
jjj (_>«aij _>^l (JjoiLuoj (j^i jj t IjIj (jjjjj a (C jlaj V jjLaiJI j AjiajiJI 

jjjji^a ^g-ajoij t(Pyrimidine) (jjjj-ajjjjllj ^gjc. JjuiLuj lilUgi (tjtj jj,^ 
Core ) ^ ja-JI i-JS WjL c_£ULull ^ jS-j .(CT-box) CT 

jAj lilja-all ■ . ilS (j.<Lja (j-a jjj*j VjaJi a^-a dJIj JjaAuij tSlLiA .(promoter 
jjjj V S. cerevisiae ^ c_A£ j^l (95% Jl j*) ^ o^lj .CCAAT 
(jl (jJJJ J3j IjA .Ja«j ^ (CCAAT-box) (jjai^ll I 
^Jaa-a jl jjShll £yt jj V lift .A. nidulans ^ lWs CCAAT 

■ - 1^ ■ a! ■ lilll Ajajiaj <uiljj ^JJ al l^jkLuiijlj l^-ljc ^J (^1 Aj^laill i_jl£ja^al! 

l^jjjSj (_>a j-uJI Jl j V lillal tl^JS 4iliL-all 

(> ^LojVi <j jiuixll jjs4 (Constitutive) <jjjall i_jl£ja_all ^U. ^ 
Transcriptional ) <^-^ll ^-aa-all J '(^jjjjj Jaljj J J^- t> 
Upstream factors ^1*11 I^&ujI) jjIjjaiIjj RNA—ll Ai<uia (> t (complex 
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sjLsJall u! .ii3ja-<JI t_iB JxaLu ^ 4 (General factors J 

^Jalall (J-aLtSI Lai . t a.1 T i >iV I CjljpoixJ JJ*JJ ^tjuiill (_$j±uin _jV lilSj (_>«^C- ( _ £r Sc- 
^g- A '.i U j iiiSja^all i_lla (J joiluU (ci^) CS^' £j^ajva £SJ JjjujiaSI 

j! Upstream Activation Sequence ^a_>JI ^^It! ^ jaaJall J-^iLull 
Jaij jj .URS J Upstream Repression Sequence JajiiJ sJllij UAS 
(Regulatory proteins) f^jjj -W^a CjLuj jjj UAS/URS d^ LuiLu ll a j$j 

^ -■- i alSI ^"t" ttSI) __ s jjJjjuj , | ^"-^ ail jLujjLj JjoL±« jyc. jl JjojLw (J^- 4 -^ fj^ 

<_> ^jjj .Ar. jc. jj jl liSja^ill ^ iaij^a]! (Transcriptional complex 

.^txiull £JJ (_gjjji.ua __paliijl jl ^laijl lilSj 

jJOaJJ aS^jjj a_Uajdll j laJu <alt C-L^Luiluij jl 

till j dlljjj jjjS SjLi-aj BjA*j-a l— iLjJa. i_jl£j>a-a __5 jcJjJJ (Inducible) a jia^all 
4£jjoi . .1^.1 j aJajx jjjj jj 4 U. nl jo all L_-S£ Lj-J a£a»Jjt j£J j <^ah-v ^ | a*1 U j 

£-a t_l jLajj dlljj)jwa]l (j* Ac jyaa^a _jls tdJjaAxJ! Saju tall dll j ' " & Jja SI __j-a ei_£ 
(jjJjSill a^a ^jj jl tpH 4 i <aj aa SI __gjpjuu>S AjlaJI A^jLaS _^i JJjJ (_L>L^- ___rl 

jii jjj liSU* nidulans ^Kr^ ^ t JliaJI Jjouj c _ ? ic .j^ jjiull j 

■ - )1 lij jjil a jiuLftSI ' " ll jja SI ji-n lH 3 " J-'..l'..ili -laijjj PacC _-<ajjix 

Ja^jJI (jjij Lajj*i .(14.5 J^jill) (pH-responsive) 4-^j-aaJ *-a mjV" 
^jL £ t(protease) o£ jjJI ciiLaj jj! <LJ\ jj PacC SI kb&j LuclS 

JiLa (__JJclaSI JajjjJI 4jj)jj^iiall ' " ll Ita SI _j-a JJC Win PacC— SI 

cjjjiaJI Jxuu ^3ll ciiLuaJI jjjju Jajjjj (Isopenicillin N Synthase) 
S. cerevisiae ^ AjLla jaJ Jlia liSU* .Acid phosphatases A _ u^a aJI 
Jaijjj (_$j]l Miglp ujjjjj cjj^. Kluyveromyces spp. %\ jj! <>a*j 

CllUjjj-aJI _>a JJJ^II Cjl£ja^a _J (GC box) GC — SL __jfc J ui l uO J 
^Jc iajju AijjiaJ ialijjVI IjA ^JJj ijjjJj^SI j i a a _JLaaAuil _jC 5JjJjuiaSI 
_jc aJjjuoiaSI CjliiaJI ^"tjuij iajinl (_<Jj>a-l CjLijjjju ^a Miglp SI ii_u . jj£ jl£SI 
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jj£ jKIL AjjlLo) AaLLlI ^tjj) ^ JaVI SeliSlI dil j ujjj^' j^-^a<> ^aa 

^a^A dll ,'^J".' JaJJJjSI" 4_lLa*]| si* ^.auU '(lS^>^^ AjjSjoiSI dll j£j all j^ya OJjUajj 

^4. Ajla^JI CjUjIaall .(Carbon catabolite repression) "o_mj^ 
(^jtnlU) Cre-1 j CreA cjlijjjj jSca Trichoderma reesei j nidulans 

. (jjjj£]| (j£ SJjjjaba Clll iff Clsl£ja-a ^ ^al jSI GC (JjAjj^aJ iaJJJJ 

t (jff. j jinll jAj~oa (jfc jjjgbaJI CjIjjja]! fjM 4£±ui j^.1 (JliLa lilliA 

j ^4. nidulans jlaaJ! AreA (Ja£> jijjjj U jjj*j ^ill j 
t-ySjllt iajxuj (jff. jjyj jdx^-a ja jj .JV". crassa jJaill <J Nit2 
aJj^JI cjLnaJI jli (Amonium and glutamine) j f 

.(_JaxJI (jc <—ia jjj e 'lgr «\l jjffjjlnll j al ■ a a i^O (jc 
4 J . j' aa 11 till j ' " ^ jj? SI Jj-a 4^ u'iil <LaLui]| taj i tall 4_iLaC ^Jj AaLviaVlj 
■La jh'u j) . iAa^a ^ ■ iajl jLuiaJ eaalLa dll ajiaia lilliA t 4juj! jll 

UHl- bjjx 25 i> JL V U C5 ir ? JI jjjxjII ^ AflR ^W^ 1 

(jjLui^jJ^ilal aLajoball "LaLJI AjjIaaSI ojLaJI i . ]2 jLum (jc Vjjjoi-a 

jjj jjj ialu jL l£ .(Aflatoxin) 

Saj i aSI Cllj CjlijaJl jl AJLaJI ojlA -J jJJJ jjj] .^r.inll AjLaC Uj.V.M AflR 
(jil j . d)La jxuja JJ^I .1^1 eS"^" °-JJ* ' a Aiiaia jj Aji aalLo (JjjoiLall liljluiall 
i'oA^lj AjLoju LLjikia-aJI ' " ^ 'Jf SI UJ^J (j' "J-J^^ 3 '"Uiijl «JJJ^ Cj^la. 

(jj^J (jLj ojjjjJa liSLiA db tuS 4^ jl ^^lj (jiajl jLoui (jc. 4Jjj.ml<i (Jlljl^ pljjjo 

.a jjj ja JJ^II (J«aj (jift V J tLjjLjjja 4jjlaLa 

(j-a Clijl CjLjjJaall .^a ^cjaii]l L_iajJ j aaJ ^^jll CjLajLt-all - iaa " (jj 

^iiiVl <jLa& ^» ^ ja J£..:^j ^juiill <_aa jj iaijjjj .S. cerevisiae jjie CjLuiIjj 
jjliVl jjK jjj jja j±£ j^c. 4iLiaj jj« j t(Polyadenylation) '^A«iajl 
4ijJa jj a jL ^ j (Poly A mRNA tail) Jj^jll RNA—ll ^ ^u^i 
^ Aia-a cjljaL jl Ja^j] ^al .(Stabilization) mRNA— SI Cjjjjj a+jLJ 
^tiSbj t PolyA— SI Jj^ ij- 3 ^ cP) & cerevisiae » jj-ai. 
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JjjiLuSI Jj jjLaiJI djLka. Ja» <• jaiaj . J jjoj jJI RNA SI CliLu jUj j! JJ 

AjLiLsJ \pL*A\ J sj^xiall <li&l iaijjJI AATAAA 

j| t_slijj CjLAaxj 5Jaijj^i t^^i.1 C-pLiiiuu i °1 ■ : "'^l 4j| ClAjjl£ll 

Ljjljj t Jaaa oLajl J cJ-°*j TTTTTAT jj-uluu V jl l^i-o ^juiill 
TAG . . (T-rich) . . ) ja (JjaU^VIj J**jj oU jj JjoiLu 
jl j^j .(j^l Jl jUJI <> I j£) (TA(T)GT . .(AT-rich) . . TTT 

.5". cerevisiae J ^t-uull i-iliLb <c jjia ci£L,.l.,.u 



(t* 3 pH) Ja»«J 




1 


1 

\ 








lM-^ PacC 






n-o 


-*■ Q- 
1 

2 W t**ll 


-0 



^jj *U^aja CiLjiai J (P^) 4-JouiIjj ^uuil Ajlafr : 14.5 JiuJI 

(OLjjJaiH Ja . J#jJI jjjslUI jjjsu J] tiUj ^ jjjj t 4jlaJI jr jU J 4*a>aaJI 4a. jj 

<UlaJI sLaJ ^jjj^all (jjjjjjl] jjiuUlt jjjail JJ.'**'^ BJ i PacC ^-liuJI J^ilfr j» jiL 

(j^> <UL5 jjj ^1 jJ>i 4jlilJ cliljUil J^JJJ pH II £1£jj! 4jlaJI j ajj .AjJfrla i-ijjla 

Jauij J huii* diLLa ^uu J>iaj Jl*i ia*iU (■jj^ ^\ JjaJSjS (j\alaJI) PacC SI 

alkaline j! cAiui^ttl JjlaaJ L^Ia Lujji gjjj jiil ^jaJI Jia (base genes) ^-atla 

Jauj J Jxju cAjjaJl ^uu Ljjjjj JaJjUil PacC II pj}^ fjfe L»£ .phosphatase 

JiiiIimII ^« id j^-^W ^LLujI 0- 9 PacC f-jj^ J-«*j .(acid genes) Ls ^>^ 

.A J G Jl R > jj dua. 5 GCCARG3' 
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jj LjjjSjJI cAjja. jc aJIjII CjUjI£1I cjLjja. (jli ILLui j£j La£ 

<j* Ijjlljjj \ <; » laS (j* i V jJSJI a jL&a jjc (IlltrOns) CAjjlaJ ^^ic 

^1 ^jill Jj^jll RNA-ll 
A^aJ 3Ja4aJI cAjjLsII cAiia. jc S.cerevisiae Sjj^k t-iiiaj la£ .(splicing) 
V S.cerevisiae «j^=>- ^-i^?- ,•»"»■" j]i •W^*jf* a J j^j t - AjjliJ j?- j 

CjIjjj^ Lai . -lalj jjia..} CAjjj^II jx Jjla JJC (_£jja_l I aJJJ 4Lllljjia..S 

jjj Lfrljla ^ jl JJJ CjL) jlaJ <_£ jiaj Igjji 5*. pOYYlbe (Ji* ^ilajiJt CjLjlaall 

J] (_s^ S.cerevisiae J] cAjjLall j> ^Lu?. JU-^j j1 L»j -bp 100 50 

Jj-a j i<>\\<y ^glc Jjj (illj jli Splicing Jj^ jll CjLLaC (J <aja ■ a JJC jjjljj 

A. j-a amdS jja. jl j* jftj tjLall i_ili-al jyj Lalaj Splicing 
jjc ^ . JSj^j Jj^jII j *JaS3l ^ ^Ajjl^J ^ jia-i ^ ill nidulans 

jjall <! jjili V ClL jlajll ^31 j! i_ilUll - J iaaiL ^ ^ II jlaall CjVMuj j^ 
V jjlajll jlj " aliaj l^j^ i A \ n"i j£lj ' / g lo-la II jlaall jx ajJJ^ pi jjl jJJ _jll 
jjj jLiaVI ,J <a» 1 ,j £SJ Ajj jl t j^ll j)-« SjiuLall Allaj all j^ajjq sjjjjjallj £A1 
. J jjuijII RNA 11 4-aa.Jjll AjljJ £3 j-a j (tSp) £tjujjll eJj £3 

Other methodologies <j j^S cjLia^ia 5.5 

Yeast two-hybrid system >UiJI ^ cr 5 ^ 5-»jJal» 1.5.5 

I3J He <. L^all 5 1 . cerevisiae SI ^ jUia-VI I^a jj jlal 

• (I 15.5 (J^joiII) 4-lla 11 (Jajj (_paxJI UjJ^aa aotj j (JclijJ oJJa-a ill! "'/'JJ. 
LaS 4<lj_^*-aj <a uilla La^jUjjj-a jyiijj^J 4j-uljjl AAJ^)lall oJA JLajUjjl j£-aJ 
^ ilS a J^Li. j^ '"'I lla (j-ajajaij jAj VI tj»Al jUaj ^ 1 g H mluil j^-aJ 
(Bait) ^aJall ^^-axuJ jijjJJ jJJ ^aLuj' Jl Jclij {«! jc- Cliaaj djja. cDNA — 11 
ClAiiijjJ jj£ ^^Ic jliiaVI lj& J-a!i*J .CDNA SI 4_iia-a j,a AajUll CjUjjjjjII j 

(Transcription factor) £-uul1 J-i j& jl (Regulatory protein) ^jhnSI 
DNA SU -W^jj La&^i i(Domain) jjSl^-« Ajjijjjj SJa.j ^ i_sllS 
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Lff A^i £EjaiiU jia^a ^Ial!a jiijJJ 

JDU. sjl^la (jjiLiaj a jaj (cill ^i-io'^t jji^JI £yaJI jLij Lai .S.cerevisiae 
mj Jy-«jj j^-^Luoj!i£!il£ — p {^j^ jLuial] LacZ (jj^- ^.j^-^ 

^-^1' a ojjaia si* j .^jjVI j-tijl ^jjj (Control JALiJI 

Jj, ^.^ 11 ^j^J (j^J 'cs^ C5' L>° ' '""'J J. u°-'^*J^ (J^ljiillj iajljall 

4 ajllll 4 a i a (j-a Jjo-vMI A: V 4ij^)lall «-^-J J^W tlW ^J.'^ 7" (c^ 6, 

LjjLaj Ijjjdx (jVI jLui.VI li* ^ 1> al .Ajjja. AjjLLajS JJlaJ jjc 

.(Commercial kit) jlii^U a JaL> j| j^ll j &\ jjVl 




dsDNA 



dsDNA 



(Gal4p GAL4p j*-ufl J-te ^ ^ jjUaJI ^USS o#H^I f 1 ^ (f) : 15-5 Jiilt 
Alklaj DB_j LgJI >jj DNA-JL Jujj AikL* ^k. jjj^j ^ill transcription factor) 
^glml 4jL>ft hj.Tnli GAL4p ju-ill j» jij .AD_j t$J] j^jj Jj°^" 
^1 TC j .GAL4p 4kJ jj Jalila Sj;L4aJ! t> <iija-4 ^1 P >jj .S.cerevisiae » ja*! 
DB .RNA-JI » jaL f^jji ^yic (|>i&j (transcription complex) jt^ull lj£ja 

j» jiL4 jjj >jj ^1 B DB g^j *2 jaj GAL4p / J DNA 1L LLjjVI AikLa 

cDNA ji «U«!jj1I jjS (prey) ^uuji LfcHjjJ ^! -(bait) aa^l jjj AiJij]) 
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UAS j^jj . jt^ujJI jajAu Aiiala .GAL4p jjrf AD SI £j> ^LuujiJI JLaJ aj iAjjSji jjrf 

.ij>»]| ? Jj JjS jjj j—jll Jj*iH jjsj^ Juiuu (upstream activating sequence) 
ijLl Jasj LacZ jjilJI £jaJI jjju Kjnin all ^Lu DNA dsDNA >jj 

yjjjjjj LLjj! J5U (> AD j DB |jj ((p-galactosidase) jjjjjjffils-p j^Jii 

^ ill Lii$luufl DNA-JI J*-luu (target element) ^1 TE >jj .GAL4p t>le 

A^aia GAL4p Aiklt AD-DB jj .Sjjla u ii£Hj (> <"~^ 

Lfruij j>«jil ^Li .CDNA AjjIo iCiUjii £a ji JjS DNA_1L Ljjjj jjjjjj 

(ijis jjiaJI) DB Jajjjl I jj LacZ jjiJl jjjxj JajAij ajj .<JluJI ) JA (> JjjLuiil awmjfl <jl 

.TE_j 

Yeast one-hybrid system S jjl^JI j jii^l i)j> j'fl Vjlal» 2.5.5 

c_a^jj (^liill (jji^JI) JjjLJI jliikVI (Jc jljikVI I^A JJJ^J 

ialjjjVlj L_s^>xJI (_J& jJij (jij j^J ojioi J-*^ <l9^ (j^ ^° ^j ■^■^-^ es^j 

^1 (Transcription factor) ^lilt JJje. Jia 4 DNA-JI gJ uj*-a JJ^? 
-S&l ^J .(^ 15.5 Jiiil) cicL^ill ^ Jia DNA—ll 

JjJjjJI JjlaJj "LuljJ ^JJ 4jji*JIj I^J jja all jJaJI (jl (^1 4(_jlaJ (Clone) 
DNA 11 Ajjjjj^lVI tliLa jkJI SJftlS CjULuj "GjjUaj A^iijll oij L-Ui a all 

JB. C^Jl 

(JvLi (j-a 4 ajljll (j^ jja-v"^! ajj aj 4 (jjj j^ll Aj3 (jjjj^jl AiJajj Aj_aA ' ° uj£ 

.(Protein-DNA binding assays) DNA — II jii jjJI iaUjI cjl jliii.1 
Cosmids and artificial chromosomes 

DNA (j-a * B J±£ (_J& ojJ3 1— l|j J5I jj JJjiaJ ^-a 

•kb 50 (Jj lJ_Ja J^>J C5JI J*" >ajj£ll 
4joala-a (jjij (jl <iaJ^ui) dlU^Jaall ^ <Lal£ (_pajl till jLol« (jc. "Uj^J^-a dlljj_a-a 
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l£Lk ^ Jajj jjl <j£aJ La£ l(DNA SI 4j«Jaa (jjij ^^k. .la.! j £3 j-a 

CllUjiaall ^gij E. COH LjJJJ^f AicLiaJ ^aJJ ^ Jj-ajj^ll aj a i sH -lal . jiJ 
^jjmjmjj^ £-a £t-a.lil (Jl Jj-aj_a^ll (j^-aJ i(_£^i.VI <J^ CS^J " 

-iil . ^ jixjM j (J°"'' "" cJ^ 4 ^ L_acLiaJJ (jl jl Alii Aj^IaaSI AjliJI 

Clsliijj-a J-al£ (j^/LaaJ (jjjii.lj!La DNA SI (j-a j-'""* ^LaiijV .llajj^ll (J^aaJjoil 

ljj>a 25 c> < — alljj ^ill t Aflatoxin/ Sterigmatocystin ^tij] jLaw 
j^.T Jlia .Aspergillus spp. Cy> tillj j niljlia Jjia J£Jij IS-iu;-.^ 

jiaa ^ ^jj^lb 1 g fll aall j l^Saj ^ Penicillium chrysogenum 
^•tojj Jic (jjj^la La^J djj^ (N. crassa c^iSj Aspergillus niger 

•u jb ' ".)'.'^ 

Yeast J YAC ) ^Uk^VI ^ j^^a jj£ LJU. ja jjj 

.SjjjS DNA (jJaa ^-Laujl j Jajj ^cLuljj (artificial chromosomes 
J^j JSJill (Linear) A^k^ DNA <*La <> SjLit YAC— II 

«kb 620 

Bacterial artificial ) BAC <! Jj^j jjj^j 

f2 ^aa .S^fc tullnkj J ^ .- 4 Jj ^ YACs— SI j^j i(chromosome 

lilliSj iAjSI j L£U. jj ^g-a j^m _ixijj£SI * ftliil 4jJ jj] YAC J-a*lJ Jal j .31»l£ 

(j-a ojjj£ ^ia3 ^Luilil £JjLuus I 1 ajlj 1 -J'J^ SI ESTs SI AiaJ^i. ^iajl 

.> jijiJS (Sequencing) aUUI <Aac J!>U. > jijaJI 

^jLaJI J*j Laj ^jn-)ll ljUHj 4.5.5 

Genomic and post-genomic technologies 

jjjiaj LS ^. (jjl£S i_J-ol^ll ^ jlia II Cj^LuiiuiJ AjJ jJ ^jJc aj^all dl^l j£S 

AjIIj ajllaJI Jjoiluiill ^ •^JjjL"I ^Jj^ CLlLaLttC <uil j^S oj^flSI AjSIc- (JjLui j 
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(2.7.4 ^laaJI jMj (Microarrays) DNA—SI cAi jL^a CjL jkJI 

(Jj.uL.iU <3j*-a lj.lE.luiJ La£ 4 alia a dll "j;^-"' j CjLuiI j.lS 4-la.la.j ^jl jjZ ^^Sc 
^jjiiaJI * alia " Jjlalia ^ (Deletion) ji-a CjIjjI -j " i -*»"' ^gJc a jija SI 

• (3.2.5 ^JaLall jJajl) AiJa jll J^*""' J 3_JjJ t—*J$J 

DNA SI -fc— " JiLoj CjvL.nL.iu ^gic (_£ jjaj ^pSI) dj\_a jii a^ll ^.ftuii 

j»^k:j£jaijljj J (Transcriptional profile) <J jjj (£■ y^iA 

^jljj Ajjllo jl .j-ajJI i_a jjh ^ J\ Ciaj jjl£ll ojc (Transcriptome) 

t ^gl) CjjI aa I A a ^jliiaJ <_ajjia ^ lya St j^tJiSI A^aJ dili jL a^ail 

Transduction ) ol jLiVI Jlaijl dl jl^ j jljiyt CjLL»*j 4_kijj^ cAj±a. 

i .AluilaSt AjjlaJI CsLLmJI j-a JJOJtJIj ^Ljajlalll CAjLaaJlj (pathway 
j-aj]l 4_iLaxj JaJj^aJI IjSauSt i g a S Aula. CLlljjL a^SI oJuli JJJJ iClAjjiaaSI 

ajUIuiVIj AjjjliiSI <>ajSn CjL£j^ jr^jjj uW^j (Differentiation) JyUiSI j 

4jla!iSLl Aiaijj-aS! 4_iLa*JI j-a JJOJtSlj ' jJJjJJ (j-a (Jlc- j><a Aaulill Uji , 

jl RNA SI (_£jlui^ ^gic. Jjiaull jl o.lia.j <■ aauJa 4_laaj ^jiu .AjjJaJI 

Clll JJJt'iSI (Jjll£*jl jC. 0j£3 ^ LuU (jl UJ"^ ^iiuSI (J JJJT^SI jjJJ ijl jjjj£jjuI jjll 

Cjllisj jjjiaij Liajl UXaALui DNA SI (Juiiuij jC CjLa jls-all jLlJ jl jl 

jjl£]l J-al£S CjUjjjjJI JjjaJ j <Luil jj ^^A I JjiaJ ■ llLuSut aJA Jj£l j-aj ja.1 

aLA£ LiU. j* CjUjj jjjSI J£ (j^aiLkiuil jaii dya. c(Proteomic t*La JJJ JJj) ,^aj 
Ujja ^ ^ 4 (Cell fraction) 4-jlaJ ls* * j> <> J (Cell extracts) 
.iiLa^lijSLjl jj aiU (J juAUj^l jl jJ^»JI lS- 1 (^^j*^SI 
^^.j ajjj^II Aiauill ^Jc f\ii Ijjs jjiSI j£\ <. (Polyacrylamide) 

Mass jl MS) lsj^a jj"'^. 11 " jl (g%m <5j^SI <_>"^ * > ,.'' , °"',' VSjlaj ajj 4 jojouji 
2Lj jji^SVI CjLa jl«-aSI cjbLu j iSI ^jljj 4jjllaj p jaj tSlli jxj .(spectrometry 



259 



4-lajjJ jj (_£jlaj ^Jaal AjjJaljjs! llllaJiLaJ < lajfl J i<LijlLa3l ^aJJ 4 jijjjJ! j DNA S3 

^ iVinn .AjjiIj^II (jjjjjjJI o^aja uSj j <3j*a1 tSllij (Tryptic product) u^jjjj 

^jfl ClI j_m"ill ^-ajjlj jjjjjjl (_g jiuiAJ ClI jjjV'ill jLiia.^ Aijjjall o^A 

<ajjla J . jjjjjjjl <ULa <Lulj.}3 1 ■ jajl (JaslIuU La£ t4 ilia a AjjLuaJ i—Sjjla 

ajLlSI cjljiijjj (> *ja. Jjkj ^jWii.n t(Proteome analysis) si* fj^jj^' 
cjljjij (jc. jjij ^iSI (Transriptomic) RNA— 1! J^aj ^ 'W^ o^j 

jjsilj g^l aHmYl ij3j3a jj^jJaJ jjl tiui V .4i jj«-a3I ' " ^ SI (_La^3 i ii'nl 
a&LuLiui Ajla SI «.LuoC. ^ J-^l fc^XSS Aj^aLaj (^jLj^aSI jiLaj3l (jjAj) ' "'^ '.f'JJ.'^ 

J _aa.j (_>»S*j V » jOJ.j jaj.njl jj3I Jj^"' jjl La£j .AjlLxi JJ^I j» JJJ jjJI L)j3aJ (J*a. ^ 
L&jj.1j ^Uqll ' " ll '/'J^).'^ ' (_>"^*d ^ f t-lj^aJ li!3^£ ""'I 'j"'JJ.'^ 

L$j g^ll <(Metabolomics) cd*j3jjLiLa3l jj^Isj Jl La 11a, 

MS SI Ajiii <iauil jj iil3j j AjiaJI (Ja.1.1 l&l jlum j j^ajYI Cjlaala <LJ jj 

aIjLJI Li! jc. jj jjSII jl (GC-MS) ajjUII ajsI jc. jj j-a jjiSI 
High-performance liquid Chromatography ) ij\ (LC-MS) *-\H\ aJIc. 
Ajjaill si* (> gjUll (Metabolome) ^jl ji*4j -(Mass-Spectrometry 

jSj .Ljj Sl^aLail 2j, -^Vl AjjlaJI Clljjilll j 'LjkJt Jib £3l j3l JjJail J^A? L>^4 
£Jjui l ySjjaj ^ljjia fr'j^V (GC-MS, LC-MS) (JjiJI JLutiuil lja.>° ^ 

jiajl) (KjlOCk-OUt) JJa-a jja. 4j^a jiia 6 Jl*aJ j-a AliLu 6000— 3 J-aL^ J 
t_S^J fc*31j iLpUJI <J Cbaj ,_ji3l (JliiJt Jajjj3l JLa*luL iiS3jj 4(3.2.5 Aialall 

j^a-a jja. ja-a ^ g±> La j (Metabolic fingerprinting) aj^^ 1 Ljia^ jj^aj 

lAJjLaJ a^a.1 j ^llali-jj V i ■ llLpSjll o±§l 4j3l*3l 'if.li£3l ^C-jlLlj tj^3 j 
4jjAlia3l LllLii all j ^jiiaJI jJJ o^aaoall Ai!)L*JI jc. ajjj-a ^ lai »"' (jl 

^oSj tiiLuSill j-a At j-aa-a JLxluil j-a e*13j Ja.1 j« jj li t(Phenotype) 
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AjjaaJI TJM £A\uh' <J CJuJM 6.5 
Biotechnological applications of fungi 

LjijUaj 4_uilj.i AjiadiJI CAjjlaAllj jjLaiil 4j!iljjll 5^udi^JI ' a^gJ 

ajjIaS a 4jjI jjll 2 , „ ^ N jjl ^e.^)11jj .AjjjaJI 4_jLtj11 S.lia^a dlljlijJaJ jlial ^ 

4_ia&I ilili ULLloI 3.5 Jj-iaJI (jJJJ .t*llil l_sl£ ^a. £jJa j VJ ' . lllall V 
' >JJ' "^'^ ^ 5 ' AjjIjjIi 4 i " a II j Ajjj^JI Ajtsjll L_al^kl ^jx ^j- 0 

Ajj^C. ' "'1 V'JJ.' ^jV^ H dlL^laall j jfi aa SI JLaatLul (jj 

l$l jLUI djj^all JLad ^jj t( Jja A^lia j£j ^ Igj ^1) (Heterologous) 

L-bailla ^ jjJa jx _jA ( ' all a (j-a <1 jc-j 4-0 m'Til .Ixj <j.b axil <DLuill 
(J.atIL.lU CllLl_)iaallj jSl aaJI (j-a JJt&ll (jl iill3 ' ■ Ifuj .4jjlLa]l 4_ulj.lllj Ajjjallall 
■^J '(u^"*^ lS-^-^-SI (Jj^aall I ■ <3J| ^^iajl) ^yj^- ' " ^ JJJ ' °J 1 <a 

dlllj t^^alaill ' tla ill j £_£jlaall JLa*JjaiU (_pa^a <J^-"»J AjjSSSI oi& ■ " I a iSj 

V laUaill I^A <J AjIIc 4jll*i Jaj jjxi . jjjliillj » ■ aaj 

V La£ t<XaixJI CLlji-JI jl (_£jLaJ ' aOfr] (jl£l tt_SJ^>ill (jJJj^JI l-l^l <Jl& ^tjjj 
jjjjjjll (j£aJ La t_Jj3l jjSj jl ^1 tgjlall (_>ajL^i. (Authentic) 4_ll^al jx 

. r Vi UiJi ^ 

jljiVI 5j^I :lj^jj^I 1.6.5 
Protein production: the importance of secretion 

Ajla 11 (_Jj3 (jx^ AjjLaall (_paljC.!>U o_)3j!Lall dlLaJ^jVI " jlj^j ^JJ 

' « s f 
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4 1 1 aa jl o^jli ^Al ^>ii*J 4jjLaJj 4_uuj_^all ^-i..nlSLi .AjjjiaJI l-L>LaJI 4li£ (j« 

^jjjj (Ajla St (JaJj gJllall ^£Ijjj 3jjlLa) glLall ^jjj^l jljsj ^Uail 

^jLoi (JSjuij 4_j_jJb-a 6 j^)Lall ClsLajjJlVI (jj^J (jl L>°J^ • AjaJullj aJjuVI 4 al£j 

LaJuj .^jjJjjJI i_sL4j1VI <lLae Laj i a J jJJ AjlaJI <_i jljSVI fUaj (jl IjJoj 

fjLi jjc ^^jjj jjj L_aUill ti^jj -uli <Llib diLajjj!>U ^Ull ^LUiVI <^ 
c ja. jljaa (j£aj La£ ALLij (_>aaj ^Jtilbj (Improper folding) 

4 1» > (jA^-s'iuiVI "ULaC Jila. (<jilL«ij 4-LLoU <$aJ) jijjjJI jyi 
jl j3^/l "La jiala jl LiA JJ^ii .^cli-all (Jjj^aa-all (j-asj ^1 (^jj La-a Ail£j]l 

jl£j!}l£ jjj£jj gjlall jjjj^ll ^1 CjIjjSjj 4iLial ClAAaaJ ^Sj-o ^^A 4-lla SI ^ 

<Sj£Ul <iLac ^ (jJj2 jljiVI <iLac jl Lbjl flj£j j^ll (j-» 4(Glycans) 
djljj ^ UuiLul Ijjj L_utSj ^j]l (Glycosylation jij jjjIL clAjj^JI .Ljj) 

t _ s ic Lai dllj^^uill j-a ^*~-J"^ " (J' aJb 4lj£l»ill ^aJJ j .Ajjjj JJ^aJ 4JjllL«ij jijj^)JI 

(Asparagine) jjaJjiJ <^«>Sn j^i^SS ^jLHI (N-linked) N J*i^ 
(jjj jjjj J jjj^- <jA^' (j^aaAS ^jLiII (O-linked) O jj->j"^SH Lai j 
(jiij ^ jj*5>aSI ^ jUI c_aLiaj jl ji-jj 4 (Serine or threonine) 
Jojjj ^ill (glycan) jl£j!>l£ ^a«-a]l jUI ■ . i&Ji <_g jja « jj .jjjjjJI 

<Sj£jj jli ^Lilbj 4^)a.l ' all o (j-a ' atiaJ oj^LaJI Ajj£joJI ' - ^ '/'JJ.'^ .' 

4 alia a t ll J > ,-il I ^ ail Aic. 4ijUa!La jj^J j)S t— iJ^iJI jJJj^JI 

. jJJ Jjjll (JLfttJji.nl 4^a. j ( _ s lc- AaJxj L&jjjIjj <1£jouJI oi& 4JAAI (_^Aa jj 

4jLaiJiVI Aic ^!>L*IS jijj jjII (J«JLal lij 4jlSLj AjaaI dllj <SaAaj| oi& jj£lui 

<Sj£lu]l Cilj CjIJuj j jA\ jli ^gJLllljj 4jJball Lgie AJlj^lull ' aSlaj clua. 

ji'itlni Lgj^ ^»jSI (ja (Jl jj j AcliaJll jlg-a. (Jj3 jpi aa.1 §Jj <a.lj!Loi * aSja all 

iaLiill Lai .jjjiiaSI t_s^j\l ^jjj jl j 4(Foreign antigens) -Lyjc CjI.i.^uiki 

AiJua all <Sj£lull <a_ijj Ajlij JjLjj V jl (j^-ajS ^^-ajjJlVI 
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i CiKIm :3.5 Jj-iaJt 


^Hit Ijjiaj jjSVI <_jA UjIjj <Uj*aJ1 CiLulill 1 (j uaJj U jj^xi JaI <jj <LjjjaJI 
















Agaricus 
bisporus, 
Fusarium 


S. cerevisiae 






venenatum 










S. cerevisiae 








S. cerevisiae 




co 2 




S. cerevisiae 




sulphite i— uliLui 


Trichoderma 
viride, Gibberella 
fujikuroi, Mucor 
ciricinnelloides, 
phycomyces 
blakesleeanus. 


S. cerevisiae, 
Pichia 

guilliermondii, 

Sporobolomyces 

odorus 


CAjj^Jjiaj 


lactones Cil$£ia 
'peptides 
terpenoids 


Mortierella 
alpina, Mucor 
ciricinelloides 


Cryptococcus 
curvatus 




polyunsaturated 










Aspergillus niger, 

Aspergillus 

terreus 


Yarrowia 
lipolytica 


' " '1 a 
• i'ii^>"i 


o^aa. igluconic 
(itaconic 4^ j^j] 


Penicillium 








chrysogenum, 
Acremonium 








chrysogenum, 
Penicillium 






'^^J 1 ' U^jl S 1 ' u 

'cephalosporin 


griseofulvum, 
Aspergillus 






(polyketides 


tamorii 








Aspergillus spp-, 
Rhizopus spp., 


Kluyveromyces 
lactis 




g J **« a CliLajJpl 

'amylases jAal) 
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Trichoderma spp. 






'cellulases 
(proteases jjjjjjj 


Aspergillus niger, 

Aspergillus 

oryzae, 

Aspergillus 

nidulans 

Trichoderma 

reesei 


S. cerevisiae, 

Kluyveromyces 

lactis, Pichia 

pastoris, Pichia 

angusta, 

Yarrowia 

lipolytica 




heterologous 
proteins 





Ai.-a (Jk AjlUill (Jjli J£.uij JljaVI ■ ^-Jl Sj^S 

CjLaJ_)jl jjSJ 1 thi ,-iVI (jj .<LljjjjJa Lajl.1 I - 1 1 iuS 1 g j£S j 4 1 ■ ta3 a AajLajJ 

lilliA .(Homologous) ^jLla CjUjjjjJ! jljaY i 'iSViJ J .(Heterologous) 

jl ^gC-\ u i-i ^J. 1 "*- a jIuia ( _yic LjjcI ^jfc 4 i f— 1\ sjJJ^ 1 " i J a£ J lillj j t <LmLaix]| 
1 °J i '— a CjLl^lasSlj jjL&aJ! . ^)jLaiJI 4 aoju Lax 1 il ■> i ri\ sjjoixj _Jj£l 43_»jai<aJI 



jjLaiJI <j^a ( J^aVl AiJli-a) ujLLjjjj 2.6.5 

Heterologous proteins from yeast 

J j jjaJI ^Luj ,J £jJ j J^A? S. cerevisiae s j^JI JL«*jJ 

I - ll ua SI (Jaj (_3_>Ia CijjojJ -ii] ■ aSI 4_ia.LlSI (j-a ' 4-lal J 

Ualc 4i jSLa Uji*^. La 5". cerevisiae jhjqu.iA JSj^j U Uu>> j 

Sslj .(Heterologous) <jjje- ^Lujjjj ^LuV t 'i.u^^ UjLjikV ajI^j 

5". o Jjlai. lgjljj_ax (JLi.jJ JJU <Jjjill ' " '1 ' j"' J^>JI (jx JJJ^ ^tijl 

jij jjj Jla) (jjjjoull j a jL>ilS c_al£ Jj.^i-s* j;Lul lillj (jJ j cerevisiae 
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Human serum albumin and human l^j^i J-^l J^jj o£y^\ 
oaa (JL.ht2i.uI 2ic (jLiLuiLoil (jLiiac. liSLiA cjliuiaJI oi& (j-a ^e.jSIj .(insulin 

<1j£1u1Lj AiSLixiSI LgJjl cAjjjc. ' " ^ \f'J J. ' °J 1 a aS aj-laaj| 

(N-linked) N— j 3_LijjJ1 CjUjUI g) djja. (Hyperglycosylation) 
-ia. jj V (jill iMannose SI <ja Ija. aL^L cjI j.iia _*jjL£ aLuLj jj£2j 

CSjaJ Agja. (_> Jaa. j] . jj^bll Ojc aSj£U <J Ja»2ubal l (GlyCans) es* 

cjUjSjaJI AaLjal ^2 V (Human serum albumin) J*^l JVj jl 

Not ) V j£ubQ (jjill ^gjtlilaJI ^gik^VI (jijjjJI (jl La£ taj-baaJI ^ ^ijj La.lj& ^Jj 

(Jjj^aa all) jl ja^l <_§ j2ui^ <J Lpli AjjLill AKLa ll Lai . (glycosylated 

. Jj^VI SjJ-aiJI ai& ^ ' Lja ■ all 
A*jLi AjJjI jl ^LiiV ajJyiiJI jjj*2SI A aJajl JJC JJ_sJaJ ^aJ As] 

M2« lilLiA .AjSUi J&l (J'Suil AjjjC. CjLjjj jj ^LiiV J aLIs SaK".. JLmlJVl 

j£uo t5 le ajjIs-aII (jJll Jjj^m jjlft j^jj jjsll Kluyveromyces lactis—^ 
ciya. (3-galactosidase jj2dSI Jla-all ^jj| ^LuV LjUj J at2u G j 4jj2£lSI 
jjjjjjll jrLuLi ^Vill (Inducible promoter) a jlaj ^ jS liljaJ* J **!^ 

jjiu j-ajLS jjl ^LiiV K. lactis SI JLa*2u:l La£ . <_j jUaJI jill 

S jjLall CiLuj jjJI j^c. ^Ljjj LaS 4^ jU2 (_5 j2uia (Chymosin) 

Ljai j>2 .S. cerevisiae jLij jjjLaiSI ajJij fen La-a ^^Icl ^Liij Jj. ^ aj 
'P. pastoris — II j Pitchia angusta 4jjjLn*ll 2£\guaL jjLai. Jili2J 
J jjLiLttll aiuiSl jjl ^LuV J jjLiLalL (Inducible) ja^j LjS l£j^-a lilSiaj LgiY 
.i_jjji]l jjjjjjll i-ijj^i ^aAU i4ja-all JLajuxal ^3 4 (Methanol oxidase) 
ajILc Jj y ^aU-a jrLiil P. pastoris— II j Pitchia angusta— SI J£ ^aS 

(j l^a. Lajj£ j^iill (jj^J LaAic 4 i ^il -> j tAai2i-a AjjjC. ■ 111 \;"'JJ.' ija j2uiaJI 

aSjSIuSI AiSLiJI jl La£ .(Bioreactors) ^jj^JI CLitLLall 

jjjjjJI t> JLc. ^j2uw jrLuj jj& Alii* Lpl j^jj V (Hyperglycosylation) 
jA (t_j 1.5 (J^ll) Yarrowia lipolytica < «iuaB jj .P. pastori £y» ij$ 
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lillS j£]j 4 j JJ j£j jAlgJI pi J a» 1 JLaxAuiL) j^iill ^J SaJ i aj ^jtjJC.1 JJC. 

CjIjjj^II JJJ*J Jj°' v *'^ <luiLlall l_jlAsja-a]l JLajilmt Ag-aJ Axj jitiuii ^al SjAall 
(_£Acla]l jjJJ jjj j»jjjY jAjuLbjI Cjjjxil £-A-^l .*' '■"'"^ lilja-ajl Ja*JjoiI Jill .<LlljiJI 

Jla«2J ^ ^ j 4 (Secreted alkaline protease) jji^l 
Jc. 4JUII Up jaL jjLaiJI (j* U jjc. j* Yarrowia lipolytica jj^jj •» ji jl* 

.(_£jl jiVI I $ aj 4j]l*i Je Jaj La cCjIjjjjjjII j« j'j^j 

J <_L«iuu jJI (Expression cassettes) j*«jjI CuJlL Jc 

^j nW . jj-ajj jl (Heterologous) s^j^- ily*- 0 C&jj} 
j* a^jUI! JSLUI - , uaSl cDNA_l! J) s^jijl jj?JI ^ ^ .(4.5 JSJill) 

Sjluijj ; JJ"'*'^ (j- 0 ^J^-« (• > °J' i Splicing J*^ jll j jjla.A\l (_>aij 

ji^JL \ £ 'a . ^ j i aji i \\ \\-^ j^ l_jl£ja-a JLoj,"' i I'j £aIc. (J i ail . AjuijII i_S2j 

ja.1 Jl ' tli a ja IgAaj Ait Ajlbiij Jaxj 'aAlAC Cjl£ja-a jl j« atijlLl 4(_JJjiJI 

t> PGK J Phosphoglycerol kinase— II jja. <ii ja-a ^Ua JtiJ lW^ Jc-) 
(> ai V US .(K. lactis S jjxa. J <ulAklJ jLaj ^ill S. cerevisiae S 

30 Jl 15 J>u tAjllal j^aLaa.1 AAuilui jx a \l ^jla. JJ jJJjJ^I j^^j <-5^l 

<-jjJall Jc ^ '(Signal sequence) SjLiVI JuAuaII ^ lAhj L- a x a. 
JxuLu j » r La ^ .(15.4 Jiill jiul) (JjjjjJI J-AuaI (N-terminus) Jja.jjjjjj| 
Jl jjj jjJI J j^j JU. (Endopeptidase) i>aU. jjIajjjjj ^jjl 4_kJ jj SjLiVI 
5Jaaj jjIu ^aII t (ER J Endoplasmic reticulum) Aj^jiUjAiVI Jib 
Cleavage ) ^JaS jl -csjill AjLaaJI LjiUJI J ujjjjJI jljij CjIAac. «.ai 

Jt Aai«J 1-ajjj i(_>ali JuiLaJ Jc- Aol«J V ^jjj J^>JI (j-a SjUuiVI Jj.aluU (point 
N t_a^)ia]l Jc jxll Aja.j-all '**'! la uill) ■ 111 la uall ^jjjjj ajLuiVI JuAuij --^ a 

JxuLu J (Hydrophobic) i_ja_all jjc. cjaJI Jc j (jiijjJI ^> 

Cllliii jjj (jx ( jl jiVI sjLjjj Ljl) Ailia-a s jLi] i nl i in i_ujaj As] .sjUiVI 

c_5Luluu ujSjj ^ lilliS j (Homologous or heterologous) ajjjc- J a^jLIs 

I AS! . jljaVI A^aJ SAja. AjlUi jJ Ljia AjA*JI jl jjiij tAjC-l ilaj^al ajLuil 
jii jjjil N i_ijiall Jj3 j aA* jl jaVI ajLil A«J ja.1 JJ i Juiluj 4jLjal jlluoail 
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ls * r ula J^A? -i^IjIjj Pro-sequence ^jVl J*Xull I^a tuVyi.aafl 

AjlaC ^-i l-lcLuia jjjxJj tAjla St ^jla. jj^J (e-^l a g .'^ *B 1 " ll \f' JJjSI (j-a J-JE' 

J mL aM j (Signal sequence) ajLsyi Juluu lJUSI <J -o^jjjII tjUil! 

(a-mating factor) a ^Jj^ d«>^ u^jjj i> (Pro-sequence) JjVl 
^jVI JjaiLaJI L£j±^ .<_$j±x>u\\ tiiLualSlI S. cerevisiae 7>jjmL1 
Lysine-) j Cfr^y LaA ay-^-^ cb±^\ q j » ^«-> (Prosequence) 

t_j*L (^ill Golgi body) ^aJ j£ ,^a. <uLa ^ ^ iAijla (Arginine 

jj| \;"'.\.','J M (J-al-a j»jjjl ^Jajoil _jj («> ■ •■V-j jjjj jjjSI jljSj AjLaC ^ La^x I jjj 

^Jl ^jjj La liA jjjja. J-j^Y ^jLuII jJjj ^a>a ^ ( xJaL (Endopeptidase) 

^g.<i.i..Lj ^ja ■ a N I— SjJa ^cjJaUll (jijjjjll jjjaj 

^ <lu« ^.jj La£ tS. crevisiae S jjLaa. ^ Kex2p (Endopeptidase— II) 

.<Lilaja Cjljjiaaj (_£ja.l jjLaa. 

i n\Wi Uha.1 Lpl jl tAj^ja all 4jjjIj^]| jl AjjlaJill (j^aljc.!}U ^^ij V is.jj.ia-a 
^ 4<l£joba]l si* Ajjaiillj .(Jjj^aVI jgJUflaSI (jJJjjull (jc 1 gjjjJajj Ljjj£jj 

Alma. ^Lui-a liSliA j t(_5^)a.^l CjLul£]l ^ Uj-ic jjLaaJ ^ JJf-^SI ^ aJajl ' ajjaJ 
(jj I - 'I j j« ■ all lilli jjlaj (j<a j^ all] (JajlII 4ij_)la ^^Sc- Uj-Sia j1 ^JJ oj-aiuwj 
I JJjC j3 jj ^ I i ajj ' r llmj .la ' ac.1 i adJl ^gjfi. Ajllc- 'ij.j3 fc'^ Jab -I laluil 

^ j i ala (Titration ^ja ■ AAac.) Sjii^l (JaLill CiLuja. j^u l^Llijjl Aajjj 
S. cerevisiae ojj-aa. 1 s^u ti ^ ^ ^ ^< 

^jajoiill 4 SS *■ a jjW-j lA*^ <j^J ' jjJ^Vl^lj iS^ GAL1 til_)a-a 

^2 j .iiija-all Jaij jj ^ill Gal4p jij jjjII sijj lT^- t> Titration 

jjjjj^jJI J j, jjjqLa (j^alia ''I ^1 (_J^JJ t _jjll ' " 'I /°» SI JJ^I (jj 

cjljLu* ^1 t(Post-translational) 5_aa.jjSI Jj^aj cjULaxj iaiiji t_jjlkall 
tSllil .(Protease) jjLujjj 3 Uml jj CiUijjjjl] <-djlj Jjlaj Jj^a. J JljaVI 
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(Protease- Jj^* cjLaj jj| s jilL CjVXj JLmU a! jU-a Cj^j 

Kex2 SjLiyi cW^j Jji^ J**- <_s*^ L£ 'deficient mutants) 
^k jl%jj| jLaftl Cj^cLu: jSI .Ajli ^k r.^.^Vi j Aij (Signal peptidase) 

e-ljjl (jjjj^jjll ' °l SdSI AjLaC (J' aaJ .Lljia. 4 IS yj alt (JaJ jl jj-^ UJ' 1 '^"' 

Aialj* cjl jijjjj <-.!■..«; tSlli (ER) 2 jQ^.'j^'V 1 ^ ^ J J— 

Foldases ^-^j i_iliiI>U s^loi* CjLyjjl ER— II ^ j^jj la£ .(Chaperone) 
.(Disulphide bond) AjiLi ajjIS 4-kslj jjj£i J^U. <_aUilVI ajLc. £• jjuS 
5. Sjj-ai. Foldases— II j Chaperone cjliujjj] j^*^l jsj 
ajjjxJI CiUij jjJI Jaaa ^LuYI <_s jioi-a jimi'i <j* cerevisiae 

(jilal J-oUj ciiljila &Lijl) jjilajll <1 jU-a CjAajc.1 La£ . (Heterogenous) 

AjlaC L& jlii aT/Lvu 4jjI jjic CjljiL tlll.la.1) i_JjjiJI (jijj^jll jlj^l U..' 

^aa .SjaUall '"'I jja St JjAsj jLia.VI t_><a*J cs^J (jJ^j <— i^lj (e-lali! 

^^jll ^^jj _jLuia cAjjiuia (J£ Ijj-^ cAiSjjx dsl^alall iii^a j 

jjikiJt Alijia ls Mjuj .(Glycosylation) aJjSUI j Jjkjll j JljaVI j j-uull <_Wiu 
ecessive) 4-iajia tiiljiklt -k» « j£] j ^liiYI jj-^"^ a!±ui j£ s^uxx 

oJlJbtLall Ajxjj-^al! kc jxa all Cllljj CjV^-uJI Lj il a ci^-"^' (j- 4 

(jj«-a jja. JJjaj Afjjia ( _ s Sii lilliJ ^JjW-* (J^'j^ 3-aiiluLaJI j (Polyploid) 

.Ajllc. 4_uiAl till j j IgjlLlui! Ala^a AAj^la ' 

<bkia. CiLjIaa CjUjjjjj 3.6.5 

Heterologous proteins from filamentous fungi 

i (JxatloiJ (Jill lillj (jc ljjii£ cjiiaJj V AJajiJI CjLijiaall ,J JSI jill £jl 
(jl jA ^LuiVI (Jjlill (jli (3.2.5 ^laLJI) J*-aall I 

cjLijiaall lijaJa qjA (Autonomous replication) iJ^Ji ^lill ci&Lajll 

CllLajSU Aj^aLi. tllVLa. I^c La) Jal jjll aJaa a (jlj iAjjLaj (j^aljC-V sAAi«-a]l AjiaiaJI 
(JSIjj jli < j'l aaJI ^jk ^La^jVI J^l _jj jljC. ^^Jcj .^)laa]l ^ _jiia. ^a --v'W \ g aJ a ■ qj 
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(J£jjJ jij) ' a^LuiflU jJaJI CjIjjj _jl jaiu:l (Jl alaj ja JJJJ 4 _ r la : i--il ^>]a_ll ^3 ^LajjVI 

t 

£Ej_uil J^C. t_l jllautSI JJJ»J-lt _$ jl__a t _ySc (Jj' -«■»■ SI j " 1 V J ' ( j J JJC- 

i_!Li& t^jLuJI Aja.Ull _>j .* (j W? *° ts^' (' 'V""^ jjr SS <_LaUJI JsUSI) 

<_Sja alt __)la_3l dY^-u: JJJ--J -JE- '-t^J*^ (IfcHj.^ LS JP- 1 -'^ (e^ «JJJ-> Cjla!>l_a.l 

ja 2 a^A. A (JjJaliaJt jl jj (a jija SI (J £rLa_JiVI -UaSJ Cll£>l_a.7l s^A i_jL±J jx, 

SjLlj jl£-aYlj Ajl ^cjljjSI Cj^j^Jal Jia] .JaLuiillj 2_jStj__\| Ifra mj ^jj V ~J"? M 

<-ij^'ill ^3 La£ ^Isjjl lai ■ '-» ^-J^ i j-a " ■' a ? a-_tll J^UII £c-uii JOo 

^4. _5I j* amdS jjaJI ij-ya.^. wger SI c^jJ j£\ acjUSI 

^cluill _.ic SijjS t^W^V' <-W t> f^j^j u^j -3.2.5 ^Jalall jj nidulans 

_3 jl J^)JI ■^pjl t — 1 " Ua I 'j- a 1.1a. ^ Sac-jj V jl i -JaJ ( jiij^ill ^Ijjj ^t^) 
jjaLalt) glaA iiJ^)a_a £L__j J.1C. _$.1*J |jl i(J\!LaSI (Jjfu: Jfr . ^ i n^r. (JjxLa lj ^Jj oj 

<_UI jc (_>aaj (iSli s___l jSI AjlaJl a i, , (jjjjixJI ^4. niger QA 

AiiLax CiU___iLa __Ua ~ j-^ ■ ajSI Ajiac (Transcription factors) ^uJ-J £t__j 

4jaqj|jj-uil (jj^Ja (jc 4 SS alt a_A jjlaJj I " Ua (2.6.5 £-laLa]l __>lajl) jjLaaJI ^3 

I ■ <aj Ajiaja SI Cjlj^jiaall ^ 4 SS ul all (JaJ jl j^aJ ^^jlll j ^LjjiiSI (Jxl jC ^UijJ jjSaJ 

f 

i ^gjll <a^a^j all j;iaJI ^cjjU J^C Al^aJ Aj^jjI jJjjI ■ ■ ul 7- 

LiLiJI J^C-J fr^ijl j»J ij^J^)^ "'*'" ^V^Jui t^Sc- o^aia-aSI ^l_j<aJI at jaljuil jli 
-Jj ■p'tjj'yl jAuiaaS <SUi 2j r mIj'.J Liajl j-A ' JlitSI ^^V' SjiUaSI 
jjilaiSI AjsjjI jluil j i la all t _ ? iiaJI jjjaaSI Aja-pl j^LjiI jjj ^j-aJI j]i 4 SjSa SI 
tiSLiA . i—JJjiJI jJJ jjJI ^^jj (jj ' AjLaC. (Jjukail £Ljll5 ^ la«J ^1 jJixJI 

J' eaaSI ^>lajl) ^^ijJjJ (J£-uU {_j.in.wJli.itj 11 la all t gjjaJt jJ_aaJ_U jL)^)a.l jlliajjl jiLul 
AjjjjlSI CjUjjj^jSI ^IJ-i'V VLa*l_ul ^}ia_SI i -jl-l.-al ^i£l jj .(jjjjjaxJI j (jjlaJI 
jjj jjjJI ' ajJJ jl jS-aJ ^^jJI i Jylijj^ jl jjjj^jjll (JjlaJj CjLaJ_)jl jl jslj ajilJ 
JjiajJil ( _ s JuaJI jJjaJill ■ aSSj ^gJjVI tSJ-Lu-aSI oi& _JaJ jljajjia lilLiA .t_JJ^>j_SI 
4_jjlj]| Ajajjl j!L_iVI l-al . jjlijj^}jSI ^Ijj] jc- JjJj-uaJI Clljj-aJI ja_« jl 

"Jl_c" jijjjJ tlij>oj « — fl.^a 'maSt jjaJI jjj (Gene fusion) ^^j^-SI ^UJiSVI 
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Jtj ^ ■ a^Lauilt (jjaJI g-o^ ^ij) ^..^'-^ o-o « jl jsj (Carrier) 

(Glucoamylase) jylJjSjK JU*JI jijjjJI ^ JUaj .(Jl3*ll 

i> (Cellobiohydrolase) jJjjA^ j^ji^ J ^4. w'ger —11 ^ 

jxulS jr^jjiy ^jjI jioiVI si* ^liklo.! aj U^c. .Trichoderma reesei— II 
^JaL ^ta jaa tAjlju (jjUjjjj) (jjjjjJI lJJ^j lS^j (Calf chymosin) l£j3j 

yi) Chimera "s II Opjj^ 

Jc. JlaJI <*jJaj lillj (i^aij V . (Glucoamylase) jAal JliJI 

(_)^aLk (J^- 4 -^ *^U'aU (_Jjta (JjoiLuJ AiLia] I ■ '7- J tAjJjiSI ' "'I '/'JJ.'^ 

■c-a^LjiJI jiijjjll j Jb*il jjj ^UjIVI ; Uaaj ^ (Cleavable protease site) 

jlaall <J I ■ '-j' Aicli Aijjiall oOA j^ij La£ taj-LaaJ _J Kex2 jjUi JJJ 

.4ij__>*-a jjc. I "'I lb aajll oi& AjfLlil^J-a j 

Jjaj (^jII (Bottle-neck <jliia.VI ialij jc « — i*£^St a*j 

AjIaJI 4jakj _jA <Iii-aVI ;J ajl i aa II j^jLiSI (jjjj^jjll ^j- 0 (JJ^ 

J-al jC (jl ^juial jll _^a .^llijVI (jjjaiaj j A SS ul a]l JaJ AluAlall 4jajjl j!LmV I £A^a_o5 
' 'ah-v" j to jj-aiJI j; n'ill ^Uaj ^ JjLiiaJ 4_Lij JSjill ^ aHaJ 4 alia a j S-lpE. 
JLa*Suil !/l!La iilLi& tax]| L_!J__>iJI _jJJj__)JI L_a!)l!ia.lj (_l^l_ax]l tilSj jl _j.ll j 4_LaAl 

J_ja.jj " bjJa^ajl jiaall ^ <LiaLa jjc. (Codons) ClIjLil (-JJ__>iJI 

i_alallVI aJT t_ailji.lj to j mRNA SI Cilii ^ Ci!>LuLuj 

i 5_a_jJala]l (jLiia.! ,j ^ALaij 1§J£ t j^^J^SI 'J^j Liajlj '(jJJ jjjU j'j^V'-S 

^1 (Hyperglycosylation) 5Jj£Ul ajJUJI Liaj] lilU* .^U-jll l 3j=- 

jSii liilj __JJ AiLiaj ■ jSl aa SI _J _JSj| i^JSj _>a jl£ _jlj lajlfr JSjjU 

<j.uoSIj ^ Saia II jJaill <Sj£uiSI JCiU. 4iLiaJI CjLijUI Ja-aj tj!±ia.l 

Lilla. .Aja^lsiJI Cllljjjj_)i]l <Sla. ^ S-^J^ lS^' tClAjj-iill 
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jlaiJI Jut iSj-LaiSI jJ JxaJjoball (GlyCail) J^l&J ■ . J* 4jJj.J 

JLa-aSI ^jjj La-a tGlyCail SI ^J'' a3 ClLajjjl ^Loiijl tiiljSj i^^ajiJI 

.(Glycosylation) iSjSU.1 .kaj 5^aJ (JjaJI jjj^I ^ JjaiuiJI ^ 

jAij A-jjajaJI ClAjjlaaSI ^ jljSVI CjIjLji^ (jc. ijjjjjJaSI Jj- al 3dSI (jl 

Ja] . jjSI Jj i aiGj L-llg-mU dluojJ ^^iSI ' j'l aaJt ^fl 4jSe- (=A 1-aS Lit _jj 4 g J ui a 

<_alidSVI j Chaperones SI ^Salj-all CjLjjj jjJ aji^all cAiraJI (>a*j 



sjLjLo ^Laujl LaS t(jijjjjSI c_alaiSI (jc. <SjJjoiaSI Foldases SI 

ft jJU .(Vesicular transporter) CjXuojjsJ Jib iSaiij* £Aiu jjJ 

Clllj^VI (jl " " 'I JJ^SI j'J*' tllljL"i-a JJjiJ £-3 L^laJ J 7- i ""' jjjlaj J JJJ 



(ER) jjS.i.MI ajJ^VI Jib Jl ^iU o^jjJ! J >-> (I) 



Lumen 




(Proscquence) <j*l»! J«Lu 



KFKCOOH 




(carrier J«L*) Jjb 
( 



J^ 1 ' i>°) Mijc. Jjjjjj 



jUJI jjjl jta (jr) 

(yH^^gO^V 1 , 
(endopeptidase) Ja'^j^j^! U««Jjj 
(carrier J«^JI) j^jjJ' jij^j 

j jLUl •j'j'lj (heterologous) 



KR * COOH 




4jJU_,j uiliUI fl&i : 16-5 Jlill 
^ 5 jjiaj (fusion) J » iijLijjjjj 

j;" Jjij (S) .iikiaJI CjLjlaill 

j^jjl j.jL .ER _» Jib ^fl ^Ufl 
(signal peptidase) S jLivi ill jl 

4ji jj (jc iljj.ui.nll sjLiVI 

jJaAll ^j ,ER_!I J& jjjjjjj j;« 

(jjjjjJI gr.i'<ij tiuA ER II Jib ^ 

JaJ BIP II Jauj ^ .ejLil jjJJ 

dliA .Ji Ji\ iJUSWI iii»C. JSl jj <^JJ jjj 
I ala'Kfl LjLujjlj tj jil CjUjjjjj 

j&3) ER_1I Jib (foldase) 

J^LSj * (jjj j jj ' «li"H (u) . ((j^alll 

^jjJI j^a (jr) .ER_1I ^ ^UjJa 
j^uti ^ (fusion protein) ^VtUt 
jujji iku.1 jj (Golgi body) ^ j£ 
S. » jj-»i (jl Kex2p JjJjjjj 
ujjjiil OjjjjjjI jjj^jI cerevisiae 
dj^Luajj^ aJfrtuuj AjIsUI ^jli s jljSlj 
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Microbial Process Kinetics 

Jens Nielsen J*> 
Technical University of Denmark & '4ja^>&iil 4x«laJI 



Introduction ^U^ull 1.6 

.Ihj SjUtt i AjjJ^JI CjULuJI jLouJ (,^-a^l J^*-*^) cs^' ' °J ■ a jjJI jj 
(jjj^ (jjjLuca aAl (J«J j 4 a a I J j-laaJ CllLlLaC- -j a ■ aJ (_JaJ j^-a ajj^jJa 
(Yield) (Jjj-aa-all LaA jj aaail t"llj]«r. aJ a i ^ (jjJjj^iJa 

Jjjij 4jL»c Ajalj-a ,jl£-oVLj ^f^aj (jjjUx-all jjAA 4ij*-aja t (Productivity) 
ajx£ "J J" jlu .(Product) J] (Substrate) 42jVl jI jJI 

Aja.tijV! Ual t( a UJI a^LaJI jt) 4_JjVI S^LaJI j-a USUajl Ajle J. aaJ ^ill £j£jl 

hi! (jjjLa-all (jJ^* t-jb.ua. (j£-aJ jlLall (jj^J (Rate) J-^*- 0 jl <iuij 
4-lljVI ojLall A;La£ (jjUa£ ii—Jjlaall J^La. aJJ dlLuiLj3 ^Jj-q (jl 5j ujj ba^jj jj 
Clsljjjtlj jjjjjSI ' ■ "*' ^ ■ ; ''^ a SI tjfi^j .^blll ^Ig-jJI gJJ all Ajlo&j a£1^1jjlc1\ 

' . u£ Jp jjjtill^ 4(_b»JI L-Sj^jla CliaJ (Jj^aaJ (jl (j£-aJ ^glill (jJjLa-all (JJ^A 

jj ^gic oj^all (Ja.1 (>a J .£tJI. . .0 jl ^>aJI ^a.J^ / j CjIjjAjII jl ^liiJI iajjjll 
^Luia. (Model) ^3 >aj £jiia j j-a V i^JaAjjVlj J jj-£ia-aJI Clll jjjjuII liljJ 
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AjJjaJ JaLujI AiDl*£ LkuuJ r- j_^aj]l li* a9j .(1.6 jLUVI Jajl) 

.kajl A_i£jj Jl aaj^!L g±L°l\ a^j^ ^ (Empirical correlation) 

Clilclaill l^jbLoti. J Ji.JJ (AhLoa) loa»-a L>j j^j jl i JliiJI 

(jc. Jaill (_>aj .' •(j^*-* ^J^° J) ^jVI SjL»1I (Jj_&aj eLul Aai.hL.iiV I AjJaJI 
JJ a^lll AjLa*] ^^-aS ' °J ' a J*' £-i_»<aj ^-^J '^Wj ls ^ ' ""^ ^ ^•i^aill ^fl»"i (_J.la 

.(1.6 Jlill Jal) 

Laj t jjunJI i_aa^ll J& jjjS Jluu o<u*j -j a ■ alll la* (Complexity) 

• 1.2.6 OJflall J ^ j^aj-all life (Jj^Luuj t^j_4Aill (JLmJjgil (j-a Jjj^aLal! _jA 
'.JTJ^"'"' jll ClL/Le-lilil l_SJ^}*Jj L>° -iJ V ^ 3 j-aill L5" 1 - 0 Ai^*-a]j 

iJtoJ jlaLa Ai^*-o a*Jj (Ixj2 jj^aLutll i_LuiLu (JjjLs) lxljj!Lajj£jlui .liAaJj 

UUJ (Functions) CjVtall si*, jc. jjjjuII .o^jVI i_iL>lu jj^jj J 

A^AaIII Alii. J A ,ng a Aii.^a oi&j .Aj^ua. jJ-lLLaJ jl tAj£^a. i—jljiijj 

CjV^UJI j> ^jj jLv^Vl (> Jj ((Modeling cycle) 

J> ^Loia. j J^jjill JjS Kinetic expressions ajSj^JI ajjasJI 

Cj^ctsill i_jL£^>a. ^j*aaJ ■ ; la^l A^Axiill AjLaE. (j-a Ajlllll 0 JaaJ J 

I i tajl ^j_4Aill life J .AjjliJI CjIaUulSI (J' aaJ (Jc-^a^l ^jj-aj ^ AjjliJI 

jjj-a ^-a (jJajVI ■ 111 aola j AjjJaJI aJj^IIj (AjIjVI ^1 j-a]l j^JJ J^«^ liuaj Aaj 

^jij Jll (ililj iSj±^t\ i]c\Lil\ Jl Alklill jl j*ll (jaal li^j lillilj tdja Jl 
aJuj^j (Bioreactor models) l5j^JI J^^l <r^Laj jLpil sjIc. ^ .Aia 

^ J i aiii j!i£l ^iLaj (j^j t^jJaJI JclLJI J-al£ Jc. "Jl^ll Cllljjljj" AiaJjaiJ 

^ill tia^ Jl J (Inhomogeneity) ouL>j u«1Ua jl£ I il Jikj jl j^aj 

.(3.6 ^JaSLall Jajl) A±La*JI J IjjJ (_UlL 
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1 

£ 0 ^Aill ^jJu 





Mathematical models 1-6 J^»V 

jjjlio (JLwtli-ul 1 > ij^-oJ Lft^ i4jjx-a A_uU^ dlV-jLt-a *Uaju]l JJ dlla^jtll oaA ^jo ^JJ .-Lull jail ajij 

^jjuj .ajLmJI J.w.m ^ JaT.'im*) ( , ii . n J 3 ? j"ii/i 1 1 , ,i 4ajIo <_$!) (logic expressions) <jikio 

sJj^Jlj '(pH) ^^aaJI i(feed rate) 4_jjlii]l jI j*3I -ULiJ L^ij ((agitation rate) 
aJjSJI <!U. j tAjjj^JI AJjSII JyS jjj '(>=jVI jjjI jj jj£ Ji j iAjs jIj^II Jj^LPj 'cP'- 1 *^ JsjjjI! 

t> j .SjuiUuVI 3 hi i ii jil AjjliJI iiiLSj^ll l^ic (jjll (state of the biomass) 4jjj»JI 

JS <ua (control volume) (-LA^) ^*Ui iU2l lil jj V lM 
»t&1 jjiui V ilcUUI jjjU-JI si* (> j»I j <JS J (jl t (uniform) SJjUu SjjiiJI JJ 

^ALiall ^7>^>N jjfi^Ml CllUlaO ^ .4 in'il-%"!*! ( Ljl » >iN) jALiull f>7>~>N (JzJ^jaII 

4jjj=JI i-j^liJl ^ 6^5j 'l5j#=JI Je-^l lU£ ^ JjI jJA ja (control volume) (iuUall) 
.IJiJI j <A*c iJUi 4-> ni (inhomogenous) I j J=uj _jJl ^jSj SjjAII 

.(3-6 ^A*^) (^ i >i) e^AUi fl^c ^J] jj^JI (Jcli-all ^imVi ^jj^jJaJl ^j-o (jj^J ilA^jc 

l^yilLii ttijlj ^ \l UJ^ lj' 't^J^^' cJ 0 ^-*^' tj^l^ jA (iajUiall) ^aU^II t -i->^\l (jj^J La-ljcj 

jAUill jjj^ j*j .(operation of bioprocess) ajjj^JI ajL««JI JuuS ^ijL i.n.v cijll 

4,imifl c1iVjU-o 3 h.nl ji -7^^ Ii* ij«ii^ Sj >?. >JI i >JI (conversion) Jj^i i L^a jj ^ 

j-a ^ (jill ((kinetic expression) <jjj=JI j^j^W ^4 *~* j^j '(rate equations) 

.(1.6 J^JI ji>jl) J-l^ll tr!>^JI <ri><uJI J^il (mass balances) JiSlI jj jj 
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JclLall j (Kinetic) 4j£jaJI £A>«j J 1 g- 0 ^ <_T>Li. j-a j 
AjLaxJ JJ<; ^Luia. t ^ J-^aJ (Bioreactor models) csjjaJ 

(Profile) j^-ka (Simulation) sl£U-aJ ^-j^l liA ^I^LLul l£*>jj 'j^iH 

4_lljVI ajLall jj^JJ ^i-o tAjLaxJI ^ ojjjtlall SijAxJI (_Lil_j»JI <lla. jl 
^ jjjla-all .laJj j£] ■^J-^aJ j-° ^ ^ (J -0 (j^- 4 ^ lJ^ 3 U^J *jl 

"ill 5jj^lall ^gJc. .la!i*Jj (Jjt.ooIIj AiCslt ^^Ic. jj^J La jjjI*-a]I s^A jx .^.i_axu]l 
jjjl*-a]l Lai tJclLJI j-a (jjajj-all (JjL-JI as a !>l!La tAjLa«JI (Jjt.u'j 1^j3 ^jj 

->ja Jj-laJ (j-a j£-all] j .AjjlaJI <La_»laj-a]lj 4jaijj^i]l Aj£^)aJLj ^ ^".'"'J" ^^g-S 
tAjajSa 4jJJ^)aJj CjLo _jl*-aJ alSi a^all ^ jj-aj 4jjlLa f-ljaJ jya V jjjlx-a]l liilj 
i aa Si ^ij-aj]l jjj t _ s Jc. J jj^aail jjjLlaII jjlaaJj liili J!/La. j-aj 

Parameter ) jjJ-*-all ^ jj-^" aA**1\ ai& ^.^..2 ^jjja d\ 4_iLa*JI 

^s) jll j ^luiaJI ^jj-<all (jjj (jjLkjll J i_iJjjl1 fjniu (j£aj .(estimation 

jj£l AjjlLa (_3_>la jLaJC.1 (_L-ia3VI j>-a j^lj ijiailLl 4jjls-a]lj (j^aaJjlL ^^laaJI 
"UaaJI ^J3 ^JJJJ ^J-aa-a ^lljla !>l!La lilLiA iAjilalaj A^xXac 

^LuiaJI j-i^ajll jjj (Minimizing the sum of squared errors) 

^LuiaJI £■ j ^AilLl "ol£La-a]l jl jjJJ Ijjj .^Sl jll ^ AjLaaJ 4jjaa]l j (^gj^al jji^l) 
^1 JjjUajll J' — -j ^] |jj Lol t^j_jAj]| (Jjjjj lAAic. i<ljjLa Aa^J^J ^al _all JlLaJ 
4*aJj-a j^ Aj V J tlLuuJa ^LaiaJI ^jj-aill l&Ajc. ( jjjlx-a]l j-a ^ < ~ J"f " 

(Modeling cycle) ^iaill Aik a^l&lj (Kinetic model) ^£jaJI jo>aj 

. -ll-la. j-a 

^jj-aj -J a ■ adl j^jllaxll jjj.nl i aVI jjJ L aj«ll t _ s Jc- Laj2 j£^)iuj 

ciiljjl jj j i (kinetic modeling) ^£jaJI ^.laill LaAj t^jjja. AjLa*J ^Lua. 
JaLajj t "ij^>j tdli J^^aJI ^ (Mass balances) J^' 

A ^J-'J"' aJ JjLui-a ^J. >ijJ j jLjij ^liilLj t^jJaJl (JfclLa]l JjUuaal 4 ilia a 
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Kinetic modeling of cell growth A_iiaJl jm! AaS jaJI 4Ajl<uil 2.6 

2ic aLiaJI /c^ (jiiaLJI (J^ 3 L>° ^-'.^ ' ^ ^jLajJI -I ^•'t,„l ^jj 

i_sjlaJi]l (j-a <fr_a«aa a £Ljliij AjjlLaj l),'^"' Aic tilSiSj toJ^jiia 4j_)aJ £Lj\jj Jj^"' 
(jj 1 ^ftl ,* ^ clLaJ 4 ilia a ^ol_&]a jjjjjj JAoiflJ ^^Sc jjla ^jj-aj ^lllLj ' ° ^ ; 
'..'k*'"' MJ^-^^ iX'^"' u *'"'*" ^ ^ jLojil yjj-a ^ •*>"'' 11 ! sLiajl eLaixS 

A m n ojia ^liiliuil ^jj La-lic A y ^il ^iLajll oi& 4_Wol J-^fjj '^'J^^ jJ.umN 
i _ s L^aj\\ jill ■ ■ ul 7- St £tJl*J AjjJaJI ^iLaill oi& ^laa a j .o V^t o Aj^ia-a t_)jlaj 

.(Quantitative) a^JU^ ^-a^ <J jj.ii iaaa (Qualitative) 

(Verbal) aJ^1\ a^ jiSI ^jUl! ^ 

jj^" _»& Axa^ll ^oLajll tillj tJJfki <J J^VI (JjUJI ^gliJ (jSlj tAxa^ll ^iLail! 

(jli lillil .Ailia-a Ajjliia.1 t-SjjJa ,_i (_yuLall lilljj tajjiiaSI jjjlx-all lilia 
' y J. 1 '*' C5^L>?-^ (J-a*^ ol jl_a-aJ JJj^J (^i_4-ajllj al£1 a^aSI jl) ^^-a^SI ' Lu-q 
^■•'J."^ " ^ ^>1*S (W^ ^ ciW) '^J-^- 0 A-a,A^lSI AjLaC jj£j La ojlcj 

4 ay\- A\ 2 Jj;*-- ail diLui&jl ^ OJJJ dli-i ojJa.VI j-uixJI dlljiiaJI (_£)la. .A3jJ_&^ 
AjjAlJI 4-ul i aa SI A^lajll <J £JJ^I ^Jsolt j-a lilij j£a J3 j taliaJI ^ jlft <J 
(j* (j£a oj^all AjSLxJI (-Ab ill jail j3 jj jli tiiSJjS 3 itia oSI AjjlaJI dllAajJl 
(jS-aJ liSJiJ . L-ljjoiLa SI ^gJI AjjuuSLj J jSaoa CliSj I lja«J 4jxi3 jll JjLuiaII (Ja. 
^£}ul\ j^aJ La£ t4ja._j] jAJ i"<ij\«T] oSLx a AjjLuia. ^ jLaj AaJUtx jjJaLaJI j]l 
AjJ^I jl AjSjj-aSdSI jriLaiJI lillj (jSJj jjla all LiLa& A^iijSI j« 

ijaj Up^l j iAjjj^JI CjULa*]| f u^' JaxIuu V (mechanistic) 

^Uui (Jj-afl3l li* ^ .Aja. jSjjJI jAl jJall ^gJc. AauiLuiVI Aj-alaJI djLajVI / j ^jjaiLuil 
&Ua£.j ' ° ^ J jj£] j (Ajjja. dlLiLaC- -j a i adS e \;° ail Ajjl ■ ita SI ^iLaill ^^Jc jj£j!lll 
("iIjIotSI ' °J 1 ^■j"'^ * ^j^l a alia aSI Ajjl i ua SI ^JsLull jc AlaLui aj£a 

,*-a (Kinetic models) AjSjaJI 4\A > aa SI ^iLaill Lpaj 3 ^ \''"" '"W _^ Ji^ 

.(Model complexity) ^j>aJI J^a. AJialia 
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8 bjftXJ jiaj ^jjAill AjL 1.2.6 

Model structure and model complexity 

' " ^ J " UJ^J l5 J^^l j-aJla tlgjlij 1.1a. o V^t <i Aja.jljJiSI CjljLajJI jjl 
jjj*jSI£ tlil.la.VI j 4j_»SaJI tlilcliJI (_> «U j' ^ V J.1jJ 4aj5Jt _aA L yaf)l\ 
jij j jJI ^aJUx ^JJ SiLiaVlj 'jJJjJJ ^JJ JjjjjII RNA SI 4-aa.jjj 

f.Lnl 4j_alL-aSI Aj.i.iiL.uVI ClAjJll ^gjSI 4.uLbaj£llj AjjjaJI Clivlc.lij]l (j* <lj_&I»SI 

^ a i taj a ' "'I aa a * ■ ^ a i ■ ■' Q "' a ) ^ \l 

ClAvlclij]! j CllULaxJI ^■■aa. ^Ij-l] (j^-a-all JJC- ^j-o 4jl iJI (j-a .2.6 (J^lS' 

IjjjS LLyliJI J^C. (jj^J ' " Ija jJ-aaaSI dlljLaC. ( _ 5 i2 ^-Jl i oa SI ^3 jajSI ^ I g Sji aJ j 

i ailaj jj (Inhomogeneity) <_>ajl>i]l ^ <_>aiij t*ll\A jjli l^a. 

£j*iaj J!>La. . Aa..laJI <JLuw (j -0 -^jj '-^ ' ^ ^"''J^J el^lj l^jLlSlxi t_$ Jluin 

AjjiiJI ClLylelidSI j dlULaxSI JjJ^J jl ^ Lajlj ^jj ' j< ^ Jij-aj i _>AnJ 

( Jj£JI j ^-LaaJiJI S.a.j.1 (_$\) jlikiVI ^ j j-aj]l lA^aL Jj i eaidSI Lai 

^ jl ■ aa SI ^Jj-ajll /_pi J jJilajl i a^Jt .laJau Igili 

i ■ L aa liiljj '£Jjl ala^a ^joiSj (jl (j£-aJ ^ jjl uiaJI Jjxalljl ^jLaj (jj 

Qjj ' °J ' a j"' U,,.jl .(3.6 (J^xiSI) ^ij-aill LjJc. CS^' lJ.; ■ ailjil 

(Unstructured model) j;^ j^ 1 ^ ^j*^ ^ ^ ^1 jj^l 

<Sj^1] jJSII JjSjjll LlSlc jA j) ia.1 j J^ila J-alsu <JjJaJI <Sj£]| 4j3 L-iLa jj (flill 
(j^ajliil 4j| jj i4ijUala]l JJC. Lj^LaJI (JJJ J' aall j Jj*SI ^-alau V (^JjJaJI 
dlLc. j^aa a <AuiLa JJC. ^1) AijUalLa t " )U i i^Bj aJ s^a.1 j <1j£ U!>LaJI ^l<aa. jl 

^L-aiiVI jr j_ixuSI AjjLuaJI ^iLojil oaa> .lajj jl (j£aj . (Non-segregated 

<Jla JaJ j J^ila lU^u <C j-aa-all ^ JjS J£ ■ hu~a jj ^JJ tlua. (Segregated) 
AiLjal i— iaj (JI i aajiVt >aJI <SLa. ^SJj .AjlaJI ^yaC jl AJaJI jjj 

j-j^aJI ^ia .^jat j-j^aJI ^^js-a ^u^J (More structure) <jaL^al aSu 
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J^U-a qa J&L ajjj^JI t 'ij.^i jj ^ (Structured model) iSj^ 

^ jIulo ^g-lc- AjLu^ai Ajjj ^gla. jl < ■ 111 jJa a a, i <aj (jxi AiSj-a jl 4 1 .la. * SaJ i aj (jjS 

.'ijjA]! Cjlli^aJI (j^i <fr_ayaa * jl i.la.l_j]l ^ajJpVI 

V/l < jAaa^l AjLaaJ <Jj1 i aa SI 4^,,l<u]| ^ ^a^-a j . ,-iir. -S_ja.j (jjlui La-a g ■ all 
o^clall ' ° i< SI l^-Sj t(^.Jj-aj]l .ll-laj jl) ^j_j<aj]l Ajil L_SJ^)*J jAj 

0 ^ . ^a*^ , A ^il , a i J^&i I a l] J 6 j^ ^ 1 La 1 4_lil!ill A-aLtSI 

' ° \ SI ^gJc .laaxJ ^jjAill Ajjj (jlj tLjja.lj.sl (jxi Al V AjjjLuiVI CjLfLuL^Lall 
ol£La-a _jA ' ° \ SI <jl£ (jl l^£Aj .(2.6 (jj -**^ J^') ^.IxijJI (j-a -Sjj-£jLa]l 
LijjiiV 1 kj"'.' La. j jai (jli jjAaall t"iljl«r. ,j AjjjaJI Ali£]l Jy^JJ (j^-aaj j 

A^kiJI ^ a^JI jlS 131 o^j '(4.2. 6j 3.2.6 ^1 jlal) Ls^ 
a is> ^ t^r j _j*jJI (More structure) JSt Ajjj ^1 jjj ^li Jj>^n 

jl J.la-a (_>ajl jLjus !>l!La to-la. ^gJc 4-llaJI AjLaC (JSJ ' S-L^a jj llllc. ^JJ 5JLaJI 



Ajjl Jlj^i 



Fuelling reaction 



Biosynthetic reaction l? j** oltcUJ 



Polymerisation reaction ij^clil 



3 diljj Vj> 

(jlj...Cu"j iDNA' RNA 'CiWjJ! ) 



I 



Assembly reaction m^jj ^^-Ui 



.3JUa LjiU. ^1 ji i >»JI J^jaj ^1 iLLiJI caicliUI jj :2.6 JiiJI 
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5 X • tl 


'• ► 








I 

-% 

I 


/(unstructured) i/jjij jf jf\ 
V (non-segregated) J^-jf y 


f (structured) i^jw 1 " A 
Mnon-segregated) ti^is* jjiy 






i 

! 

> 


(unstructured) 1 
V (segregated) lU=»" J 


( (structured) lsj^ ■ «'■"'« \ 
V (segregated) J^i" 7 



Ajjljll ^1 Ijluu Ukll Ajjljfl t> Jj&uJI JlJjj t^jUill Jjinj CjUjJ (> 4 ilia .i LUuS : 3.6 Jl^l 
d^cti^l jUuiaJU ^jj^jJI ji.U .UMLSI ^jXubt jJ lc- AjIJI J-^ajJ i inn-nil *JJ Ujjxi -l-"-^ ^14' nil 

JL^iiVlj Jjajt iii .(population) UiUJl >a^> ^jiuu ^jJe AjLJI j^jjj i hLaHA 
.ASjUala iiiuul Ac j*±j>1\ l£UJ! ij . jUc^l (jjju(segregation) 
Model complexity jjau Aajj : 2.6 jUaVI 

Fractional saturation) cA>?J' ^U£ll ' " > i-W* t> ^ £ ^ l"*"' ^j-^ K.'" 1 . 1 j*-^ 

4 In ml ^aj Uj I^A t L » JJ (j^-w .CI jKjOJ (Ligand) iaij^j-all e(_£^JI jKjJ ^3^3^ LH*- 0 U^J^)^ ( * 

:(Hill equation) "Jja" aLU* 



^empirical) Ajj^ill ^ ijiu 4^ua ^ji h j K JaUll ^jSj ciu=. q" + K (l) <uuji 

:Monod " 

. jjjU-o K r j a j L dua. + (2) yjUJI 

4j^2jil| 'Uiia (1) ^UU-all (jl tjlz. ^ L^J t4 ^yjr^' 4jj ^ *\\\ <1LuwJ1 ^jiiUU-all UK £lIUu 

^bjj (>> jiii (2) aJjU-JI (jli t^lio 4 ajjj K j h dna (empirical) UK 

kinetic ) aKj^J! J V (1) aJjU-JI ^jli t U> <jLao ,jo 4jj>n*]! <jiulKuJI 

4JUJI oiA ^ .qujjJU ligand St J=.UjJ ^> SjSa Ja^i Vj UK 4^ (parameters 

^j^aJj 4-a jlnioSI J^o^. ^-«J3 CllLajia-o \\\ (_>a^ J^^* -0 ijji - **"' (jV (2) 4j^Uuftll (j^aj ' ■ '? J 

(jjlAaJ 4 Will (j-a ^ a ^ II QJ$*1 j) 'L?^)^'^' -UUvSI Uol . J*iUa lKAj JJjU-aSI tdli J J > nq'i j J^Uu 

o>iasj ^jlu i(2) ^JjU-JI UK <aJU-a ^jSj (1) <1jU-«]I jli (jiijjJU ligand 11 -LUiJ sKU-aj 

CjUUj ^a (2) 4JjU_<JI ^> JjJaai Jiiu i.i.iJ.Vu UK 4<1±Jj11 lUI j«JI <la j AjjJI <LUjJ (1) <!jU_«J1 
^K (modeling exercise) ^jj^i t> < a-i^Jt 4i i V ^il -<ijfi-a5l mj^' 

• JlaVI jrj>«jll jUii.1 
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Jj - tt J <-lUull <-4jJ*J 2.2.6 

Definitions of rates and yield coefficients 

*joll JjS 

4oj£1I I 111 j£ j" j (_pajl gjl 4oljl jl J-o (JiJ^l aLiLS <Lalc. is jlaj 4.6 (JSjujII jail 

eljjl AjIjVI Jl jxll .-*tNg*...| 4x.jui J^a JjJaj all .(ajjo-JI 2 V;< \t J*l£) <jjoa. 

aauuIU j^VI i^IIjS .(JliiJt iauj j3t U jjSjj (jjLa JiU. ^ jj-^-'ti CiLLc 

(JjIj3 (_pLi j^i l&JjJaJ) ^joS iAojoaJI 4 \*<\lj j_pajVI jlj^s 4cjui (Jjj«_<i JjJ^J 

i 4li.|jll j| _j -a Jl (jljja. A£.jui jl Jjajj JaJaJ (jS-aJ lj$J .,J|jill iau: jll (J U joSjo 







f p — - Metabolites 




r I 1 Ijl ■ - iS (Jj^clij 




kA jl al j-« 


s \ " - * 






> J ^LjlaJI Jib Ajjja. 

















tAala II Ji|j AjJjVI jI^jaS! Jj^j j»JJ CAaoxtfl ^ajSjj jmIS ^s- :4-6 Ji^JI 

(jjlll (jia^i. ji JjaoUlS tjal CLSja tAjjjaJI A^gjUajSlI UjiU-UlSI JJC- JiLi £yt 

i jj±a CiLujj\ j S jjjS CiLuj^ ^Jj AiUiVLi ^AjjjLii jjiaji Jl>aj) ".'*.'^ jl lactate 
AjjaaJI AjjSMI CjUjLa ^11 AiLJa^L ta iS» a CliLjLui j\ iAjjjC. OUjjjjj ji tAalajl 

.CjIjJjA jjjSil j iDNA SI j t RNA flj t £jAJj|j tAajlial Cilijjjj^lS 

Jax-o jl Ajxuj" sjIc (jTo-i-iu aJjVI SjUII (>« (Inflow) Ji.ljll (ja-iiJI j) 

jr jUJI 3a jail j (Substrate uptake rate) "aoIj^I sjUJI ^L^Lol 

t>oj ."^joiall ,jj£a Ja*^ jl 4_iuij" ^gl^Lj ij^^' CjUj\ia QA (Outflow) 

Volumetric ) Ja*-alla ( _ s ^jolj La LS lc J — j joSI jail SjjilaJI CjLJaall 

jallla Jj- jl (g /L h) AcUl ^ jallla fljilb ^Ua Sja.j t(rate 
cjVj«-all (Normalize) u^loLa 5a^a ^tj^II (moles (L h) a^LuII 

LS lc J. aaj ^ (DW=dry Weight) 4iUJ AajaaJI 4JaSll 4-aa3 4a.,.,dlla 
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ft yJL l^LiS s^a. j CjI j ri— j >>jj ^1 (Specific rates) ^ _&iSI Ja*JI 
SjLo J£] Jj-a J (g (g DW h)" 1 ) <eLJ - J AiU. SjL» ^Ije JSJ 
J sjUI "s" c_i j=J "i" j^JI J^, J^jj .(moles /g DW h) _1 ) ^U! ^ 
jxill Jas-o jj .(Product) giill] "p" "-ijaJI j (Substrate(s)) ajIjSM jI 
JJ ^> Liaj] ja ajjj^JI <_Ul£5 (Specific growth rate) ^ jiil 

.(JjSiVI iu) (If 1 ) "**UL ^1 t (g DW (g DW/ h)) acUI ^ *M 
(Doubling ■ ac-1 ■ qj S jJiUa a£^c. <U ^ jill j^ill J.!** jls <il]j£ 
aLUJI (>uJa t d (h)_ j <Jj _> jj '^jjjail time) 

In 2 

td = 1.6 

(Generation time) J^JI J t d c_a&L^ill cij (jjLcj 

4jLk J j^"*) 2 jU.lt ^jUj (jjl^ll alia, a jjjJ AjIo jl| ajjflJI (_£l tAjUJj ^1 ^11 

. (_£_jliJI jaII] t^Q^ 

<J (Productivity) <*?ASiyi 5_kiij^ l^sV ^.^iH ,J <^ Jj j& 

(JJ*x t5 ic- ajjoiL^o <J.lj (_pajl 'ejLal ^^c^jill A^lli'VI (_£ jilui-a (jli til .AjliJI 

AAaa a SI Aj^.tii'VI (_g Jluia ^^Sc- Jllillj Jj^aajj Ajla SI <_Jj3 (j-o 1 g aJ 

jj£ ^jjil (-j >ia <Aac. c£U. t> (Volumetric productivity) 

2Jj£J1 J.}»-o <XaaLaJI Aj^.tij'yLj i ■ .^jjaJI JcliaSI ,J AjjjaJI SjjSSI 

Aiaj^l j-jLuSI ^ .<K J&lLJI (Population) Lj^l JSJ ajj^I 

^La t4 ajialall ^ ajjliia J^sl jC. 4_iuiillj ^^Cjjll JaxaSI ^J-^J ^ 4j^>^' 

iallajll <J ejjilaSI (Jxl jslSI S^jla AjUJI Jijj 
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24 4 


4-5 




%4 
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lb I 


V] 






12< 














4- 


I 






0« 



# 



rO-35 
0 3 

ko.25 

02 
hO 15 
0 1 

0.05 



1 fe 

no £ 

i £ 

3- E 



0.02 0.04 0 06 0.08 



0.1 0.12 



Jj*aa-»j (■) (specific productivity) 0:h"W^ =5-6 ^Ua 

Jjjul! AjjLuu) 3 ilia * ^yfc >i j^j Ctfxut yJc JUaluAj < (yield) (0) jj'j- 

.(3.3.6 _Jal\ i LjUui^aAlL ■ tiiaall 

Yield ) Jj.^ J ^ ii- 

CiU^ia j Ajjja. aJj£ cJ jsj ^1 jVI 'ii-al! ^La£ j-iaj is'^ (coefficient 

:(Aj1 jVI s^Lall ( _ 5 it AjjJaJI 4Ju£]| J jj^a-a ^jjluirt l_lLuia> iliLa) 

M 



Y s * = - 



Y — — 



2.6 
3.6 



(2>« <Ujlg_i]| ^cj|jj]|j t4jla.it (JaJj <L*alaJI AjjjaJI ClLylclidll Cj! jLui^s (jjj AjI jVI 
AlaLii JJjU-«S JJ aoA JJJaJ 4iil]jl ^ L al a SI dliJI j ^JgJI ClLLaC. 

Ajaluill cjLuljJ ^ ^a j t (Metabolic fluxes) "o^jVl CjUai" 

(jjiLSj AjliJI (JiJj (Jill jf^alt dlljxS (jjLial ijj^J l — 'Ij-" (J*"-*^ 1 "','**• 4jJJaJI 

ilia '(low value-added) A^aia 4_aia cj|j J ^-tii) aA^c JiU. -o^^' li^-^ 
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f^ya Aili i(Bulk) sj^J^ ^ J a£ J A.UJ al (_paLaaJj Ajjja. ' " it J ■ a a j! iJjjljjYl 
LiA s^Lall A UttiHj (Jjj^a-all qa (_g jj^a t _^lcl CS^" U 1 ' (jl CS^O*^ 3 ^ 

siA ta«J jLuiaII igk QyijfcW Clll^p (j^ La J"^ L)' ' ° M M (jj-^J 

. (AjjjaJI A]j£]I ^lli] jLoia Igi-a) L5^>^' CjIjLuws (_j AjLja. (Jjlaijj AjjUaAl! ajLall 

(j^i liDLlaj! Au ii^l (J- aT ^-'-"j '4jjIj$JI LUiLjLmlII ^^ia 

jjSj La^*i .(RQ J Respiratory Quotient) J^^j li* J J 

^ 1 (jc. 4 aj£j| L_S^)ajj j 1 1 (j-o (_L^alaJI A-aj2 !)Lal£ (jjili]! 

. (4.2.6 ^JaLaJI jiail) (_>^' UJ^ 

tSiij j (Double index) ui>°j o^j*- f J CjXaUi l_u£j 

~ 1 i e3J J jj^aa-all dL>Laljc« Clllij^)*J £-aj .SX A_l]j j-aj^J (^ CS^j S (j-a) ^J^^' 

lAauJal j AjM aLUJ! 

r*j = 4.6 
r j» 

aWLhaII AjJ jVl Jl >a]l A^ J.iaJ Y xs J y ~" *fl JJjtla AjIc. j 
^jliall .liau Y X p (J j' all (_Lil*-aj iAjjJaJI aJj£]I (ja ii.la.lj 0.1a. j tlWJ^ 

(jLa^-all (jljLutxill (jli* . Oj_a£j ^^ill AjjJaJI Ajj£]l (J^a o.la.j J£] (jj£-ail 

j! jjbll ^> 'cjSIj jja^jJI cjLiLa»J (Optimazation) J*^aSn d*l j*^' j Jj*Vl 

La I 

Aj<a£j 1 . CS 1 "-^' 'SJ^^V^ iSj^xa (jJJJ '"'J^ 5.6 (_J£xi]! A a i <a jj 

A alia a _jj jaJ dlV^»-a t _ s Jc t (j^ 1 (jJjjouiJI J j - a 

LaAic t _ g H*SI J J' aSI ^J- 4 ^ CS^ 1 " J ' ' r _j*ia_aJ (^Lnll laa 11 (jjjJJ 



284 




it J (limiting) a/ia^l AJjSfl iijUil jjSjj yJI 4_u-i!L ^ ^1 ^Jl Jj*^ :66 JiuJI 
(normalized) ajj*-j ciu (Monod model). cJ^ 9 ^ 

Umax = = kS =1. cji (|! JaJj fSjfl ^ 



Black box models 



j jjj.ij*fl2! £ jLu 3.2.6 



^^^u L, <jLiJ| ^ (Mathematical) <>aj& ia^l oj 

idjlj 4_aj2 jj _jA Aj] jVI ^1 j-all (j-a <Jj;iaJI <1j£]I Jj, ^.^ ^ jj| ^jauj . (_LiLi 

,aAL\\ ^ A^±uA\ J Kl g ",, All CjL£jJI ^Lj J jj^a_a 4j....qIIj ^aVI j 
j-aill J^«-a ^-11 <1uuHj AjIjVI 'i.sLa]l (J al ■ -»"' ttl (J-la-a Jj^aJ (j£-aJ Ajli Ajlc j 



r s = YxsM 



5.6 



t _ ff Jjjljj J^jJIj 4 W'J " >j J^"' ' (J* 3 ^ (ItiJ^ (J-^-aj t^llLa ^jAa^uiSVlS 
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j^Vn oj^Vl (jj^i^ll jrj>aj -ts^j^ J^*-» (Proportional) 
jAs-aa ajIc j t (jj£jl^l ^jjlj t_ilUJI ^j) ojfj^ j^-a^SI j*> i(Limiting) 

ojiaJa j AJjl SjL» ^gJc. (C jlaJI j-aill ^gjj 4-ale <Uaa^>La lilli* 

j-ajll (J-lst-a (jj^J Lij.Ha (c s ) AjIjVI O^Lall jj^JJ UJ-^! LaAic Ajl ^gAj tAcjjoil] 

<»ijjxJI faall ^1 aauuILj tc s £-a (Proportional) Li^Uia (ji) 

(j^-aJ (Verbal) ^^qUI ■ °J ■ a jjll lift .JO, ^ jjll j-aj]l J^jt* S ^- aS) .la. (iJliA 

.Ijj j-a ^ i j-aj jA VLaaHuil j 1 "J.'^*"' (j^l j < 4 "fc-*- a AjjLuia. ^ jLaj e.lxJ 4ij_aj 

j (Monod) 

- C s 
^ — ^ max „ 6.6 

Cs T s 

Lbaijj JijU K s li J l^Lal] jjJI JAJ J-la-al Lff J^^\ .lail |J, max _>ajj dlia. 

<Laj3 ' aJJ IjjLul« ^^C-jjll J.l*-a AjIc (jj^J S-lLal! 

jiiu 6.6 <U.ll*-ojl (jJJJ i"-ljjj-a" ^i>aj JLa*l»Jj .0.5(I max ^ CS""- 41 ^' 
ULiaJ J^i K s jL«-all ^1 .^^C jill j^ill J.l*-a ^ ^JjVI O^LaJI 

<JjSfl oi-a]l j al i aJ al <J lajj .AjljVl Si-allj AjlaJI (JJJ (Affinity) l-iJljlt 
J -Km "J* (J-a-a L>° c?* K s ^*-aJ2 (jli a gJ i "I ^jJaJU ^fl LJI& (_Ja.JjJ 

aJjS/I sjUII JjJ ^311 cj^Ui]! JS1 J^Ull J t yS& ^ K s 

^^ja-a ^1 l^J (jAil j 4 Jx,l£]Li (Empirical) ajjjj^j ^ j tAjjja. <K 

Aaa jJ^a. CjUjI£ dlLa _jlala] K g 4-aj3 (jc 1 i aala 1.6 (J J-1?JI (JJJJ • (^^1 jjS 

Aitla a 
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cjUilil ^.jja^I K s :1.6 Jj^?JI 


r m g rh Ks 


^JjSfl SjUI Substrate 


Species 


8 




Aerobacter aerogenes 


5 




Asergillus oryzae 


4 




E. coli 


9 
9 


(JjjJjouSS 


r\ it> A) V 7 £> / 7 J V ) iJl> 11 0 P 


10 






50 


Arabinose jjjjjI J 


Klebsiella oxytoca 


10 






4 




Penicillium chrysogenum 


180 




Saccharomyces cervisiae 



(unstructured) VfcW (kinetic) £ iL»i <- 




Kinetic expression AjS ja. 4jjja. 




P = /W(l -e~ c ^) 


(Tessier) j^ii 




(Moser) 


L l — /'max 

c 5 + K s x 


(Contois) lWj^j^ 




(Blackman) cP&L? 


/' = /<max(l - 


(Logistic law) 



287 



AjjiaJI jjjlLall jjj (jx £tZi_j*l\ (JJjl (Monod) ^ji J-a ^3_iaj (jj 

<r 3>aj ^c. jiB jAill J.ix* i a^a jj] (Kinetic expressions) ajSjsJ 

(jjJJ t iaajml (j£^J 'Sijf?-^ jAiULajl U" 4 ^"^ £ " tdLl^a • JJ-"V I Jj jAlk^al! 

j^J 5 i^J- 2 ] (Contois) oujiijS ^jj-<u ^ .YLa*U 2.6 Jj^il 

I ■ UjaLj Lxij^ A^jJl^. aJjS jj^JJ L)J^! La.lic A3 (_£l ' JJj-a (_LA*£ (x) AjjJaJI A \"<< \l 
j^ill ^-J jajij ^yfc L^jlij AjjJaJI 4li£]l jl lillij .(^ jliJI j^jll U;n"i 

aJj^II (Jj3 jx 4 jail a ' " J .'^ J " ^J*' 1 "**' ? j"'*'^ JjjjLw JJC- JJ-jL^ll UJ-^! ^-^jj "J^Lva 
Lax ^l-lill Jajjjll ^ 4a.jjl ' _ jjSjjII Ajllc- AjjJaJI 4li£ll jl jl 4Aj_oiail 

jjjG ilia all Aj^iaJI jjjlLall sAA (jj . -Slj^JI (Jlaiilj 4£^>a. ^ Ajjt . ^il (_£^^j 
/JIa 3_Jial_La jiixj tillil 4Aj£jaJI jLajU (Empirical) <Jjjaall S.^.Uti ^ 
^glfc eLb UjK ^L^J LpV AJaLudjj cSiJi j tAj^a-a JJC. ^gJc. ^ j jas AjLjail 

' j±i a jj J i a3l cS^il J-ajB J^"^ 1 ''.^ r •» j2 jlall (Data) CjUlm J 

j.lll AlS _oklall 

bAji iaS3 iilLlA (j! AjjuajS ^^Ic A-lil-a l^JajC ^gjll AjjfaJI jJ-ilLall J£ 

j> J&1 csJUa (jj^j La LIU. jSSj .(Limiting substrate) s^-'j siiaJa aAJ 

LaUJ (jl (j^-aJ <ULaJI oAA J^' U^*- 0 ic* 'j^- 0 j^J^ UJ-^ a-^La 

(jx AJc. J_jJ3 131 V] tAjjjjjV ^3Laj aJsjoiI _jJ LjJa Laj (_ Uu aJ a^Sa a 

ajjjIiV j-iLaj ^IjjSI ^ jSIj .(Adjustable parameter) aJS^I jjjU-all 
(^it j-uil (Different multi parameters) AiUkx s^a«ia jjjL^ dil j SAjJe 

4aljVI ojLall Clil£ 13] La (j;lJ jjjo'^l ■ ■ laj <SLaJI o3a t'i^jAc. Ajljl jlj-a 

Ijyiaj AjjLMI 
jVI O^Lall (jx (jjC-_aill jluSJ (^illj (^^a. 



Aj3 jVI SjLaSI jj^Ji C s J j-aill a jasJal! Aj] jVI 'ajLaSI JySjj C se Jj-«J ^ 
jjSj LajjJ ^gC jajII (J^3t-a jljjjjjj a alt SjLall J_ja. j"'^ AjjjjjJal' 
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A , al Alia. .(Jj^aVI j-aill (J' aaj A_luiLuil AjjjjjJall AjljYI jlj-all 

(jijjjjjjja (jiiil jl (jij^Lo ^ j^-j C$ ^ .' ^^-j aJjIxa (_jJJ 7.6 Jj_aaj (j^y 

I^^^L La£ jjojH 

Mmax,l/*max.2 c s.l c s,2 
// ~(C.i + K 1 )(c s . 2 + K s ) 86 

jxull jAa-a (jjll 'C s i= 0.9 Kj (jl ij\ i is ^<h\ J.l«-a j-a 90% 

Jjjla jjc. I1a .(jl^l t^aVl iaJI (> % 81 (total rate of growth) ^Kll 

i^MS 8.6 aLU^U JSI* c l Jia! ^ jSIj 

■ / C,,i C s ,2 \ 

— mm I . — I 9 6 

/'max \ c s,l+^l c s.2+^2/ 

^jaa (jl Ajjl£J £-a 4 jj^I J (jJjJjl U^Lo cs^ -J*"' <J-& La.^c. 

jj£ . j jj£ jiS ^^Jc ^iijj ^1 E. coli Lijiili]! Jlia ikUl .<. \u^> jill 

f>'\Un j ^Jl ^ 

jjjj ^ jj^j J^niaJ (jx Aj V DiaUXic aLium]! ^jjj ^ 1 — * j^ill (j-a Altai! 

i^^la <Aj\ sjLal q\ u.i^IU ikVI j-^jj s^lcj c (Structured model) 

.Jaaa j j^Vl jj^ill ^ iLaj (limiting substrate) 

Jit Jy^JJ ' ; IfuiJ ( laJJ Sj) _aAj]l (_^aliijl Jj^aaJ (jLj^V 'at • 1 ^ 

Ja>l ^3 .(j^jl i_i±uij J (Limiting substrate) oiiaJJ aJjVi sjUII 

j ^jjj^a _4^j ^C- i^a\jC AiLiaU ^» jii Liili (— ljl_aiJ! a^A ' °J 1 -* j"' 

aJj^I sjUI jilU u..v.tt a^Lc aauuIUs jaJI (Monod) 

i^Jj La ^ Jj^j (Limiting substrate) ajS^ll 

Cs 

11 = '' mH 777T777 10 - 6 
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: La£ (_paJ^/l £tjl jjj lajjuil (JlLaJ ^gjll <LLi<a]l Lai 

Cs 1 

1-1= Umax — 7£T" 1 1.6 

jaj^jll jLuc-VI <ly*-j u^ - ^ 0 11.6 j 10.6 (jliil^lj«-all _>fi*J 

<UUaiu)l £-a jAaJ (J^Lstjll I ■ '7- J .iaJjaiJ ^ jj-aj j-S ^cjialLj jl A_J j^I 'o.lLa]lj 

IjjjS ta.i& jS 2^ r.-.ll tAjaUial JJ j»j "Ajij*" (Extension) 
JL>o3l <rjLi> aLIs A-aja iiilj (Parameters) jjjLtJI dllj jSij tjjjU-all j* 

Linear rate equations AJaaJI uwuil i^VjIsl* 4.2.6 

^■j _j-aj AjjIj (Yield) Jj^ai-all OvLaljua Aj^aa. jLufrl Jal 

JaLuS Jclij£ AjjliJI ^Aaa. jiixj liil li& ts-^i tJ J">VI (jj^ik^all 

iajjoJI .AjjJ^. Ali£ A_J ojLall (J 1 " ij-s. t(_£jliJI j-ajll Jclij J*J 

CLuLl j ^aluia (J^uiJ AjIjVI o^Lall (3^-^ LSjLjij J& (_pal jjil I 1 fC jjj^Jall 
lift (jj^J V J .j-ajll (—Sj^ia ' a j AjLkJI AjjJiJI CIsIjLuiaII Ail£ 

_jA Aj] jl ojLall J _aiJ (j^ 1 A^jlill AjjJiJI aJlS1\ Jj. * ^..'^ ' a (j-al jjflVI 

(cAjdll jjij jjj»"ill) A Saa^ a]l oi& jj.ui3jj ' °j 1 a jj ' ° Jj . AjjIj jjc- A-ajS jj 

jjjj ^ill (Endogenous metabolism) "y^l-JI (>sjVI" ^j$ia Ji.i ^aa 

C.Lu AjLa*] AjjVl i >aJI liESLjlJj o- 3 ^ J ' -i-^Hj 

jjlaj ^gij .(jjfllia^a jjlclij ^jj Aj] SjLaJI liDLgJiuil (jl tAjjJaJI 3Jj£JI 

ciiij ^jj (Lactic acid) <jJll (j^aaJ bjii^JI ^-LljJ jl j* ciunll ^ jlj-a 

^Ja^lJI ij^aJ^I (J^aljjil ^-a L-Luil "'J La li& 'cs^' lH^^ ^ L - ^JJ^ 

^ jjJI OH (Linear correlation) LJak ILUijI A^iiill cjIuj .Lplkil 

; AjILjII Aj jU-all La£ t _ji]l j-ajll j (jjlll |_>ia^LaJ 

(Maintenance) AjLu^ll ^_^ia JLkjj ^ tsJlj ^uj .^LuIj LaA b j a jj tiua. 
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jkjl '(Endogenous respiration) lUj ^ 

AjU^ll .^LaJ JaLujVI jij -3.6 (jjAii.^ 

(True yield coefficient) ^sij^JI Jj^^^ll lW*^« Y xs tme _>jj cj^. 
tjc jiu ^jJI (Maintenance coefficient) JJ-*^ ja m s j 

■ ■ IfuiJ tLuJLLa .AliAj 4_a_i2 I j (jj^ La (i-llc- _j t AjLlj ail ' ° 1* J A^I^IulaII jV' coLJI 

.C s (^j AjjouHj m s Aj^aJ 

Maintenance 4jU^I :3.6 j^VI 

Gibbs free energy ) s jaJI "<j*W a5U= liQt+U iIjULuJI ^SSj J£ qu U .4-JiJ 

(j^lj (J^l ,C1l>Lc.U}]I oOA (JC e-lji?. AjJ^- Ajj^ £^>J f-^J '(ATP AaUaJI O-Slc- 

CjUlac. CLy^a (jjj -AjjLi. 4jj£ ^lajj ^jj^J l^^lgaj-ulj 4jljVl S^Uai! ^OA ^ V oj^Jl <iUa 

4qVr>J ajjj^JI AxicVl (jjU. Je ajjUj^II jjSlji ^ (gradient) ^jill Jo iluJI -1 

(electrical gradient) JIjj$£ jr j-£ ^ giu jil c±i jl\ j ^iuVl j j J^ 4ili^ ^aUc 

jjj^ji j (fructose 6-phosphate) diU^ jj& i 

■^'jJij ATP JtUill 11a i^yi.inj ((fructose 1,6-bisphosphate) 6 j 1 J Cjli^jall 

JU1I Jkjll JjVl Jcliill Jj .(phosphofructokinase) j^li jjS ja ji^ ja ^jj! 

ja ^ jJJI ^ jiVI) ATP ^Uj] tjjoj oliui ji-6- jjiSja CjLL« jail JLii jill (hydrolysis) 
jj^UI ^Ull Jjkjll .(fructose 1,6-bisphosphatase jiU^jWi Ii6~ji&j3 
uSlLiA ^ i> .(glycolytic flux, glycolysis) jiJI JjLj; jL^« 

djlujaJI ^ ^JUa .(turnover of macromolecules) ^Luj^l ^^jJ si^lj ^ -3 

.AJjjs. ^-lajj ijjOJ "c>af?." AaUall d^loil j-A ^l^iJI ^uill $ (a_iU^ ^JJ^^'j) ^dj^' 

(JjAJj^)ll RNA C!jUj_^. pLiJj ^a^A ,j-Q ft_)Aljai-a 4JL^. ^ j^iilj <0>iAi O^JJ^ll dAjJ^Jl JJ^I O-^J 

,4_iiiJi (Ji.ij S^u-taS a^>jil 4jjIj ^^ifJ t5^^J 
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jje. qa £+^4. t(Linear correlations) LS ^-J\ JalijjVI JJ^J £*j 

:4JtSll ALU-alb aJ jVl SjLoII 

^Cjill j-aill (J.l*-a 4-aj2 tjjSj La-lic. a3l Y sx 4-aj3 (j4 (jJfj ^^ill J 

4jLu-£ill Clvlclij ^ AjIjVI ajLall (j-o (J,<y»2ui,«]l f. jaJI -itajj t— j <Ll3 
(Jjj^aa-all <J-aU-a (jli tAjiij^a ^^e^il! jaIII CjV>}*-« (jj^J La-lic (j£l j Ajla SI 

j^^uu aIUJ si& ^ .Y xs tme _ SI (Reciprocal) a-sjS ^ Alaja t_j 

CjUa^lL AjjlLa 1.1a, ibla ~ j i Ajl u^iSI (jial jcV AjS jVl jl _&-»ll a"'"'* U' ^ 
JjjaJ (j^-aJ ^lliSLij t j-aillj AjjJaJI Ali^SI $.Uj AjIjVI .llj-all (j^ 1 " ail 

Simple ) aJslluuSI a_ui1I ^ ^c-jSLj .5.6 ALU-all ^1 13.6 ALU-all ^-yjaij 
AjiSaia Ijjli 13.6 ALU-all (Linear) A_iLaJI atj^SI j (structure 

<_j-aU-a (j<a <_J£ 4-aj3 3.6 Jj-laJI (jJJJ .Ailia-a Ala. i_sli*^1 Ls lc (JflaJJ j 

.A_LajJ^>a. CjV^Uu 'a .1*1 AiLb alt <_UU-aj ^^iiaaJI <Jjj^a-all 

(Empirically) A^ujaj ^Iij^j Wll Jill ^ aj]=lsJI a£1*1I jj 

c-ljjl A i ^il -s t jajSI dlULaaJ A S ll JJ all I 111 LI JJ jVt jj-lsj ^UJ J_pi 1.1a. a-liLa ^>fi*J 

(Steady-state continuous-cultures) Sj/mioll j S j&uuJI a^jI^II A&ljjll 

Sja (jj -^JC jjll CjVj«-«1I - «1 13.6 ALU-all ^ g ll uj a Ajiaa. CAjaliijI .laj dija 
jA j ^.li-a (JjiLuiI ejUuc.1 (Jjj I 111 LI jSjiVI (j-a ^_jjll I A - i 
(_J£ ^ (jlllajljj-a (jlllLaC LaAj ( ATP SI £-}jj^aJj ■ ol AjLaC AjjIj-aJjjl 

fJ L ^ill ATP—SI jA AiLLH A^jlll AJjVl sjUI jj^ jli <illil .LlJUJI 
(illiSj ioj-aLlI tiL^lii j (Biosynthetic) (j jjaJI ^ alll cllAcUj aj^. jjj 

IAjUjII Al^U-all ^jlt iLb Ajlu-all CjULaC. 

f atp = YxatpH + "Iat? 15.6 
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ATP—SI J 15.6 II CtiZ ."^laaJ fcU-all LLijJ" 

Jj, * Ajxuj C±jl£ Ijjj t4jLb aJl j j-ajll ^ AMfriui all A-jd^Sl (jjljJ £CJXaSI 

r ATP jt ij\ tAilj AalLll S-^y/Jl aA jVl SJiLall ^^Ic ATP II 

ialijjVI jlaiiV 15.6 aSjU-JI JL«2J L^j^j (jjli t r s ^ (Proportional) 



tii-oul ^ 15.6 Y X ATP— 


1 J J^V 


.13.6 S 






^Liio Jala Laj) j q 1 q -n (J jj^a^a J^jlxJa 


4_| t J N A til <t 


3jUuaJl Jabua j (true yield) pV^I <J>uaa^Jl <>lfc4 :3.6 Jji?JI 










y true 






(g(gDWh)" 


'xs 

"') (g(gDW)" 1 ) 




0.016 


1.92 




Aspergillus awamori 


0.020 


1.67 




Aspergillus nidulans 








Aspergillus niger 








Aspergillus oryzae 


0.031 


2 




Candida utilis 


0.057 


2.27 




Escherichia coli 


0.063 


2.27 




Klebsiella aerogenes 


0.021 


2.17 




Penicillium chrysogenum 


0.015 


1.85 




Saccharomyces cerevisiae 


0.089 


1.79 




Aerobacter aerogenes 




1.67 




Bacillus megatarium 


0.074 


2.13 




Klebsiella aerogenes 



Awij^aJI AajJj SjljaJI jjjU 5.2.6 

Effect of temperature and pH 

(jjLalxJI (JJ^A CjIjj ^gJc. JaliaJI JLiaajj . _j^iSI 4j£^a. jjoilla JJjlj lij^Ia 

(jliA jSJ j . j-aill <Aac. aLL (Optimal value) J^aal ^^c. ^jjilall 
ajL j> LaAj^ iiS3ij (Culture parameters) "<cljj5l jjjU-o" jljjilalt 

J.l*-aj t^j-all tiSj^^aJiSI fUC.1 3lL&3I jlj-aSI jj^JJ LS_)^>VI illljjilLall 
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jjj i * aV'i-^ «W ^lliVI (_J^lj-a ^jfl JJ*JJ j' (j^ -0 ^ CS"^J >j-'f-'' -J^J^ 

Ajjj^JI CIiIjLmlJI ■ <aj ""^ 11 J '0 jljaJI JJJ^ ' JJ^ ^J-g-j J 

iAjjjaJI CjLLulII lillj J£] J-a^l AjLaC. jl LaJj SAjlajl (J^lj <lc.jlla]l 

J CLl^cUjII Jfla.<i ,J (4^a _&xlsJ1 j sjljaJI) "Acl jjJI JJjl*-a" JJjlj jla lilli] 

(Maximum specific (^-^Vl ^ jill j^ill Ji*^ ^ s J jail jiib j] 
.itajj diia. '^jjVl iaUij ^ jjjLiJI ^ ^Ujj growth rate) 

Ixj^xu (j-asLiillj Iajj 1 ^ ■ ii. JJ (Jj^aJ <_s^ Sjljaul 0 jLj_^j ^jjj^l JaLoU 

(> (^jjSfl SjljaJt cjUjj J&j .CjliiijjJI (Denaturation) *ai ^ 

: (Normal chemical rate constant) J- 1 *- 0 c?V Jj^> 

/<max = Aexpf--|jH 16.6 

^LlojS Jclioj cAipjjjl! (Denature) SjljaJ jl ^IjiaUj 

jj& ^ jj^iaaII jijjjJI jl j 4 AGd s jaJI AiLklLi jjiu ^ (Reversible) <_>A*ia 

'•is* j Minax —5 (Expression) <j j±*l\ JSLH aJjLm ^1 jSal jiLaj 4-kJilj 

Aexp (— Eg/RT) 

/'max = ~ ; - : 77; /n _ > 17.6 
1 + B exp(-AGd/RT ) 

<■li.LiL.LLa. Jc J-oluu (_£ jlaJI JaLaijll 4jJa j aa SI JJjlj AjjoliIIj Lai 

JLa-a J <Sl*i dlLajjjVI jjS La sjlc .pH SI JJjijl CjLajjjVI j-a ^.Ij J£ 

AjLLSI <_Lil£] dlLaJ^jVI (J*? " JaLij jli tilSil 4<Uia j"^ SI CjL^jJ j-a J.la-a 
jjjIj LlA (JjjjU JULaS 2 Sjja all AlnJI AjJa j^aaj ^ Sajjj^a a^Lua (Function) <Sb 
fO^' L>°J^ .AjliJI JaLiiS !)\ila^a ^SlxJj iaLij ^fl AjJaj-aiJI 

I^J La£ 4 Jl£il a!l5\jj ia.1 jlu 

e e" + H + e 2 " + 2H + 1 8 6 
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jjc. aj^jbU (jl^>^VI (j!)l£jaJI ^ "'j.' 'f>J_P-^ JaujLill 6 (j) 

(> J£l (Dissociation constants) <iK&ll U K 2 j K| -u^aJta 

La£ e aJ_)jVI L>° J*"^ * L-lLuia^ (jS-aJj . JjaiLaull Lima iQ j Q (j, ' 

_£ _ 1 

e tot ~ l + [H+]/K,+K 2 /[H+] 19 6 

.LL.iiii AjliJI iaLij jj^j a2 I . k e e" =k -LLij jl nr. I aj j 

k^tot 



/' max — 



20.6 



1 + [H+l/Jd + K 2 / [H+] 

l^j AjliJI iaLiij 4jJa j aa SI jJjtj jJ-uiiSj (j^aJ V "Lil jj<a aC-^llj 

(j^ J^C ^^Ic- iS.'^*'"' 20.6 4j^ljt-all (j! (jjlij tJaJjaiJI 

■Aspergillus oryzae ^ K.^ B ^ 




3.4 

1000 T(1/K) 



(maximum specific yzjjft >u2! Jj»*1 ^j^aal JaJI ^ SjljaJI S^jj jjjU :7.6 JiuJI 
AjbUil Jiti ^iflj) i(Arrhenius plot) <^jLull "ou* 5 ** J" J 8 ^ growth rate) 
Aj^jli jUI 4^uUi j (jJj-iJl <jjlJ*yi Jai ^ AilkJl » J jaJI A^jj ^ (reciprocal) SJjLUI 
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. jjS jMj Jauj <J jaUI JLaj (■) . F. COli IjjjjSj Ji> jil ^IJ^VI Jai _! 
AajJ 37.5 J^-J 21 l«j AjkLSI A&Jbd! *jaJ! .jjS^Mj jjii j ^ jaUI Jlaj (•) 
LaAlC- (J <Lu£ j^i JJJ^-JI (j^LiUlj jl^JI fUiJVI (JJJJ LaLj '16-6 AJjU-aJb Jxu Aj>U 

.17-6 <UjUaJ! ^ jjjIj ^j^" 39 Cy* 'Jj^ 



~ 0.4 -i 




23456789 
P H 

^kjaJI jkilJ ^ ^il >uH JjjlaI (j-aSVl AsJI J& (pH) 4*fl>«aJI AajJ jjj'Ij :8-6 

j Kl= 4><10-3 j 20. 6 4JjU-»1I JUlLuAj Slsb-a ^JLuIl LiJI .Aspergillus oryzae 

ketot=0.3 h-1. Jlj K2 = 2x10-8 



^j^l Jeli^l ^ cjUj) jj 3.6 
Mass balances for ideal bioreactors 

£-a ^g^^. ^ij-aj ^c-a-l JJ""^*'^ dlLlLafe A^.iaj ^ ajji.^! o_a]aiJI (jl 

^JC (JLaatLuLl JJ^JI JclLal! ^ i jaJ (JjJ-aJ ^JJ La ojlc J;iaJI JclLall ^ j jaJ 

°JJJ^ ^JJ^° jL>i^VI t_l (j-a U-lJ tdlVVI (j-a (JclLalb 
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4j! <^ '(Ideally mixed) ^lia J J->^ sjja._>JI jI jj&j 

Jaxu_jll ^ o-lclila]! c-Laj^l (j^ ■ " »1 ;<j alt ' alia a j^JJ (e^ l3JJ^ ^ ^ 
liL^pJillj 4jj£jll ClLlLaC (_£5Lk <j^s ^ti]| ^3^' Jj L aaJI (j£-aJ .^jlixSI 

UjAajJa (j-aj '(j^ 50 j-a 4jtuJI) a SI jj» i ail ^jjail <_JclLaSI ^fl tillij 

^jlj lilLiA t^ajaJI SjJjSJI Cl^lelLaSI (-3 Lai .4a.jLall Ajjja all jjjI jSSI 

sl£la-al j . (<ja jL jjj) JclLall jjc jl j-all ' alia ^ j;£ jj <J (Gradient) 

^j-iiSI (_Uil& ia.1 (j-a V ( t _ g C-l 5 > ^-1 (_g j1ul<i ^^ic j;Laaall AjLoC. jj aajj 
(J J ^ a J L3iJ^ Cf~ '—^ f^iJ -(tj-a^l J' «aall ^>iajl) . jLjE-VI j^*-J J-al' j^J^ 

JclLJI <J lkY\\A (Control volumes 3 kJ . >>) o^&Li ^L>aJ j 

(^J>aSI) liSjjaall (jj .^Laa.Vl ^ISj j-a Aa.1 j JS1 Ji&SI Clljjljj £jJa j 4(_J jJaJI 
J3j .S^ALill ^Laa.V ' "fc-*- a j;lJ jIjaSI (J-^Lj j a ■ <aU (JclLall ^ 4j_j£j1Ij 

iCjllcUiall ^ (Inhomogeneity) <>ijL>UI (_>=»aj t iu^ajlS 3 alia a ^jLaj ^Ijiiil 

.LjK 4aJ jiol jj^J (jl (JclLalLl (_pajjij l— ua 5Jajjau]l <UlaJI iaSS Lu£] j 

.(JftliaiS Lalfi !ljLaJ 9.6 (JSjujI) jJJJ 

:4j!>Ij (^iLaj) iaLajlj (J&lLall JjixuJ (j^-aJ 

^aJI J ^1 i0 = F 0Ut =F <i diia. : (Batch) cjUiJ .kaj - 
t jL^a (> j£\ L^LaJj F 0Ut =F jj (Continuous) j-aiuuJI Ixaj - 

. CiAj »3 - SI (jl (_jl 

(Semi-batch) cA*a^]l i_L^j J (Fed-batch) ^ULI-CjUii J»*j - 
•As'J 3 c?^ u 1 cs 1 -0 =F 0Ut j ji^> (> jj^I F <-ua jj£j djja. 



4.6 JjiaJI (j aa Sjj tl^luilj^j iaLaj^l oi& cJj i aflJ aJJ ■ a ^^Jj LajS 
JaLajVI lS^S j!i£JI ClUjl jj (jllLil (j^-aJ .32^11 ^1 jj^l o^J 1$jLm\) j (jjoila-all 
.5-ol*JI CjLjjljIill 4_ujIj.1j liliuij 4 4-aljtSI Jj£]I Cllljjl jj j-a 4 alia ail 
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^jlkll (jJljiil iiujjil 4jL<a| 4j3 ^jj iJJ^ JcLsaI hm t m ^Ifr o^J 4 " : 9-6 JluJ) 

Ixunjil 3JjJj (I h" 1 ) AcLuJU jjIIL yjjLa Sjaj F (flow rate) jiti ji JJ^S 
yJI C f | >» jjj .(I h 1 ) AcLuJL jjIIU <_yiLa Sj^j ^'i F ou , JSJj jS O^J^ J&*i 
iJiWI kuijll ^ (AJj^l sJUll Lk»j) "i" ^ jJI ljjj jjfl ljS j^I JjS jj 

V j^jj <«'.*.. .-It ,J| Jaui jl\ ^ "i" CJ ^3 jJI '-rtJJJ^ lS j V s J-*^ j^H tP! Cj jajj liUiS j 
j£ Jj£jj ^j^flj duaj J^slSJI ^j^l ^ ajij UiULa qjSj £jL (jiajjiail^ JcUaSI 
JjSjj ^1 X jajj .(ijjaJI Jfrli»JI sjj^J^ ISjUia <«■'....« Jiuijil ^ 



General mass balance equations ^xl\ Jj^I uJ'j 2 ^Vix« 1.3.6 

+ (Net ^l^JI lH_£^ J- 1 *- 0 = (Accumulation) ^Ijill 

(flow out) £ jUJI ^Jjll - (Flow in) formation rate) 

Accumulation = Net formation rate + Flow — Flow out 21.6 
^ i_£jj\ Jjjau Jas-o (Accumulation) ^Ijill ^Ik^aj 

4jLc J!iU. (_J jJiJI JclLall 4jJ^ jLaJjjl J.l*-a ^lla t JclLal! 

jli ioJ-laiaJI AjIjVI .(Batch) CjUi^l Ja^L JAaaall 

(j^j^l CjUjia] (Net formation rate) "g^-^ll <jjj£^ J-^" 
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AjjLsjI Lg-aj3j) Clsljjju-all o-lgJ (jjj£jll J.l*-a Jj3 ^ LmJ (Ajjj^JI 4jj£1I j 

4_}ljl SjLs Jl ^LuujlL) Lai .(Lajh 

Jja-jjll J (Flow in) Lai Lgiajiij tAJjVI Si-all iil^(fu.il 

£jliJI (jS-Jjllj .^jJiJI JcLLall Jl 4il.Ja.JI tllLS^I (jajj JlaJ 

4jjVI oi-all J) 4-i...d3Ll . JcLLall 4j>jLkll J j-all (J3.JJ JlaJ (F10W Ollt) 

(Feed) ^LvLVI ajLc. ^Lul csjjjJI JcLLall JJ AiLiaJI "i" t^-aiijll mjjjjjI 

I^gJj LaS (jj^J Jj^ll (jj^J^ <j)^ ' Jc-LLall oJj^._aAll LivLiJI JjS (j^i AMgluiallj 

= _ rs jXV + F 4 - F out c s . f 22.6 

^»l jC J£l J j-alL (JJilaii J ^LjljVI ajLall (j^aL^aLaV (_jC jjl! J.l*^ill Jl 3^J^ 

J JySjjll C Sji >Ji j c (Moles g DW/h) AcLJ J <aL=JI SjUI <> 

(Outlet) £J^-« j^J^ 4jjLoks jj^J jl (j^ajjLall (jx l5^Ij L5jJ=>JI JcLLall 

^ C f s .i Lai .(moles/L) j (g/L) jjilL ^Ijc J jjilL J>alL <_>J^j 'Jc-LLJ 
J jJL Lg-uiLa s^a. jj (Concentration in the feed) ^LiLyi J1°j 
AjjjaJI ^l&ll jjSjj Jl x _>jj j ^(moles /L, g/L) jjUL fljc J jjIIIj 

.(g DW/L) AcLull J AiUJI ai-all j> flj^L LfrjoAJ a.l2kjj cSjJaJI JcLLall 
_jl!i3l ^jqiall Lai .^Sljjll L5Jf?-ll jl^iall jA 22.6 5JjLt-a]l J JjVI ^.uiflll Jfi«Jj 
Ji.ll La J£ JlajS llllljll cjaJI Lai t(^iL^»ll (jjSjll J) AjljVl ai-all cil^g'lml j$i 

JcLLall ^jaj La J£ Jlaj £-jIj1I ^ T— ■ . ^iVI Ijj^Ij '(Inlet) JcLLall 
i^j LaS ^ aji 22.6 <3^Lt-all ' . ijjjj jLu <j!cj .(Outlet) 

4c,., F f /F„„ t 1 dV \ 

- 5r = - r ,,x + -c s ,-(— + - — jc,, 23.6 

: Ls lc Jj^aaj (fed - batch) ^ULj-ClUi.: Ja-aj j-a JcLLall Aj^uILj 

dV 

F = — 24.6 
dt 
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' 'aja-vMI (Jjx<aJ t _ s -°-uLj La] IjjLjia jjxujaS! jjj jAllall ?■ ~ ■ ' °j 0 ~~ Fout J 

D = 7 25 - 6 

(Continous and batch) cjUiaSI j ^ni . ^ ! JclaJ! a+AXj 

jji* ajjouIUj t F out = F J j 0 = dv/dt J c^l ililj j^aJI jjlj 

LljLuus (jjj-ujall (jjj ^oliall s.J^ ^ j i aj < 1 i <aJi (_£ J^aJI (Jc-^-a^ jpi jjliAill 
Cjl (ji 26.6 (J&JI (jj <Sjl*-a jj^alkj 23.6 4jjl*-a]li < bikjjl J^*-al 

^i = -r s . f x + D(c s f I .-c s , j ) 26.6 

: JUI Jifill ikbj 4*ilS1 
^ = r p . I x + D(c s f f -Cs,) 27.6 

«a a SI jj£i]l <J-l*-a JJ ^gl^ull * g St ;j« LJjVI f'Jv?-^ J >^J 

SjI^ j ."i" tff^jll m£ JiJI 2^ (Volumetric formation rate) 

JcliJI JJ AiL^all (Sterile feed) ^liiil SjL« J ^il jj ^.jj V 

f 

j*aa-all e 1.1x11 'ijLa J (Jj£]l (jj! jj j_j£j .0 = C pj jj^"' i " 4j1c j t^jj^ll 

:Jj La£ AjjJaJl Al&ll J^a-al 

d(xV) 



dr 



= /uxV-F out x 28.6 



:(aJjVI jI jjl jj <SU. J La£) J^l£ jj-i*. ^ i . *«<" jl (j£aj Jll 

— = (/*-D)x 29.6 
elf 
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4 ill r. j i» yjj < t g\Ci — 
a .UJ cjjj^a £jLl^3 dlij - 



Jj^l a^I^I- 



batch djUiJ 



i$ J^L? £^ (J^ OJ-^? 
JcLLall 4 \1 1 all 



4_Ll1uiJ AILqjVI 4_iLoc— 



continuous j-i^l 



Lai 4_g_lLiaLa i " ll u3 ' til l 



j| AiL^aJ Jax^a JMi. 



fed-batch fULI cjUij 



The batch reactor i^Ui^l L^L JcLL* 2.3.6 

jjjIjS (JLasUjjol (Jla. J ' ijsHll (J^joi 4_jjfLj CjL*i^ll lifl'i j^-oJJ . l—ljLaall 
■ . IfuiJ ju.iqMl A 3» i n ^cjtijJI (jj^ (jl >— i_9^=s— ill ^ t3fJaj LaAlc lavajll lift dlLuIui 
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( (Batch) CjUiollj c^lcUJI .kaj IjL-a ^jL-u (Dilution rate) i ba^lll 

1 > <ui] ailalll AaSjVI a-lLJIj 4jjJaJ 3 l"<U J£J ClU jl jj <jli ^IjIIj 

i^-L US ^.a (Limiting substrate) 

dx 

— = /<x; x(t = 0) = xo 30.6 
elf 

dc s 

— = -r s x; c s (t = 0) = c s ,o 31.6 

£ J j LS' (Inoculation) ^jalill a*j a jJiL* 4-<ua]| oAA ^^Jc Jj-aaj j 4<jLa*JI 
AjjVl SjUl ^jVl j£ Jill C s , 0 j-aJJ L£ .^likJI jM ^1 jjflSS 
LailJ tAjjJaJI 41XJI jj^JJ jjijjJxu a^A (JiXJI dlljjljj ^^Ic. friij .j-aill a i la all 
IjJ .j-aill L_a3jJJ dlia. jL^a I '"'"J 9 (Jj-^aJ j^Ja. 4j1 jYJ 'a^Lall jj^JJ U "'J 

<Jj£l] — (_JXJI (jjljJ 4j.lljt-a -jk-M ajlcj (j^-aJ Ajli jm' 4j£^)a. ^ jj-aj 1 l . '<~\ jlial 

aLU-oj 4<jjjsJI aI&J jjSjj (First-order differential equation) 

Aj^iaJI 4j£)L*JI a^Aj iAjjjaJI <1XJI jj^JJ 4_i]jV,| a-lLall Jy^JJ -^JJ ^J^)^ 

:<j11j1I ALU-alb <^jJj 
c s — Cs.o - Yx S (•* - xo) 32.6 

Ks ln^ ■ X °~ X ^ 33.6 

*-s,0 "t~ ^xs x 0 



V r sx c s.O/ 

/Wt = (l + — |- ) In ( — ) 

\ Cs.O + V xs Xo/ \xo/ 



.Vj ^iiwi ^1 aJjVI sjUI ^ 1 
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(Profile) (jlilil a] j^joij d^jl«-»3l o^a JLmiuL 

jl LaJ .(10.6 J^ttffl jlajl) ^i>aj ClLxi^ Jftlla jjSjKll j AjJJ^JI 2V<\\ 

Ajjj^JI <!j£]I Jj, ~- ^ jjjj i4j^aa]| Ajlgi ^ l_)i^ jVI A j-all JJ^JJ 

v overall x final-x 0 



u 



Cs.O 



34.6 



eic X 0 UJ^ JJ 1 ' ^JJ^ 1 ^1&]I <J\ Xfinai >JJ <^ 

J^Lifl J j^a^J I J^Uii (jAxLkj j^Ai .(x 0 «Xf lna i) JJJ^J Xfinai £> J*" UJ^ 

.ia^a AjI^jII ^ aJjVi SjUII jj^jj j <Jj^l ^l&il j^J^' JL<utLulj 



T 10 




= ^ max J jj>« JLulLuAj .Liiu aj . (batch) uUillL jjii 4 A nT. J^li 

SjU! <> 0.50 = Y sx j (g I" 1 ) jtflb ? ! > 0-05 = K s j (h _1 ) AcLJU 0-5 

.(g DW (g glucose)" 1 ) j jSjls ? ! > JSj AiUJI 

JxLoa 34.6 ALU-all (j-o ii.jJ (^ill J y " all <J*Ul jl Jia.V 

jjjuii (j! (jS-oJ Y sx Jji <ill J^slx^j -Y^^g jl Y sx i_y^J (J«aLui]l Jj, ry, n\\ 

(jk. jjJI j^ull J^«-a u& Sj^c- ^ (Time-dependent) cijll ^ 

l_£&ji.t lilljA jl£ JU. <J (jilj .(2.6 AjjU-aSI jJajl) AjIjV! ai-all ■ alat Jim 

yajl\ Jjb (jjfll (jl vile (dlLxi^ll JfclLa J&aj Cli^LiUjaJI o^A j»JSJ lAi. laJ i hJ 

j*jJI iaLkajVI j_»la j 'X^la (Exponential growth phase) ^acL^iII 
JaLill J oil JxUl Uiic. t (Short declining growth phase) 
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'iVi L-UUl^oAi i Ail It r-\ (_paJ l£]Ua jl£ I jlj . J j ■ A\ ,_LiL*-ia ^ij 4 g jl ■* 0 <Laj2 I j 

i_jiiajj L^jV tillj t (Batch) cjUiall CiMclLa ^ J j. " ait J^Ul 3_aj3 

Ijl Lai . Cjlxijlll (JclLa S JJ-^ ' . "* ' "*J CS^J 4jLu-all (JxLt!a (jc CllLajLoa 
tdilgjjoil (JjSjjjiS i j^jll <Ua.jx (_pLi. (_g _y o£ll (j-a Lujii _oill j^ill (J^*x 

ALU-all (J Jc i-aJC-YLj tAlLaAl (j^aJ 5ljl5 AjLb all ClLLaC (jx AjIjVI S-iLall 

^Ltall J j i all (_LAx<o (jx 1.1a. Ajjjii SI (J j' all (JxUt-a (jj^j 14.6 

. ^Ljjll AjjjaJI 4 lj£ll jjSjj (jx I . all j (A^alll (jx gjLill) 

Chemostat ^IIuijajS jl ^La£JI £u£it 3.3.6 

Cluliill ^jjAj ^),<ili,iLftll (_£jJaJI (JclLall J-sjll (J^ijaoll AjLaC l_S^)*J 

L_aLia-all j^jliill Km jit gj d-Ua (CheniOStat) l— sLuii jAjS jl ^-jUxJ^ll 

ku^all (> tilli jLajj .(limiting substrate) s^lj s.i!ia-a aJ J sjL» Jis. 

(_33Jj Jja^a L>J -SiJ^I CS^ J^' J" 1 "-* CiT^ * J^"^J 

Ajiull J&lLall <-Sjjl=> (jli (Jftliall ^1 (^Ai-all Jauijll AiLja) <_£l) eliill 
Ajlnll L-SjjlaSI lillj JJjlj (jC A_<u2 dlLa _al»-a j^^lc (J j - aaJI (j^-aJ ^tilLlj < JJ*"'"' 1 " 

dj^lcli* ^jlc <llal tflLiA CiLuu ja£ ^\ AiLjaVU .LpLkll 2 L ^ 

JalLaJI Jaj (j« Ajistill (jSJj SalJa all ■ * Ija pH-Stat SI i^La t j<i*Ua<all Ja-ailLl 

t~*ti*U« jjjjjlill l^iajl lilLlA i^jJaJI JclLall (_^klj AjjIj 4jJa _a-a^ ^J-l ^jJc- 

<ii^ll Jj^jj JiLLsJI J^' l>° <j^S' (ia-Si As Turbidostat 

o^? '(Steady-state and continuous) iJ^A\ j S j aL^ I c^leLLall 

:^Sj La£ (Dilution rate) t "ij^'iSI J^«-a ^ jLuli jill j^jll Ja«-a 

" = D 35.6 
(Feed flow rate AjiiiSI (jajj J^*-a J) < baaall jl^la lillil 

CIiLuiIjAj ^-ajoiJ La I^A ' tlia a t5 £-jj j-aj J^s-a ^^Sc. J i S ^.olnLftSI JclLall 
4 m ^ 4JJJ i_Luiljj) (j;l*-a jj _a«aj (JitxiJ Lo_oa} pLljl LiLiil AjljJ eajj Aj^.jljJjai3 
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Jj£ll jjljj tP^j (steady state) J jSimVI <1U ^ia .(ajIsJI l^JI o^j^ 

:Jj L AjjSfl sjUI (36.6) 

0 = -r,x + D(cf-c.) 366 

<_£.2jJ J j' alt J^UJa tjjjxj j (35.6) Aajluill <UijtA]l £-a L&jLajl J*j jJ^J 

*=Y sx (cl-c s ) 3?6 

jj£ jj j AjjJ^JI 4li£]l (_y>\^ l>° Jj' (J-obt-a 4_xu2 -^-^j 0^-°^ ^jl L?' 

pliiJl (jSJj jJ AjJjVI SjL»1I JJ^JJ jlJ ,_>ajjaj) jJiJI Jftliall ,J Aj3 jVI SjLail 

D=Mmax * 38.6 
Cs T K s 



• J 



DK 



c s = '— 39.6 

i-Pjls ijjy (limiting substrate) Sai^I aJjVI si-ail Jj£jj (jli aJc. j 

J^U-a aJ jVl Si-«JI jj^jj u_& La-^j -(dilution rate) < Laaail J.i*x 

^aa! Jj^jj (dilution rate) t foviti J^«-o jli (jisiail d iill aJjVI si-J 
: (Critical dilution rate) £ j=JI < foVill 

Pa-it = / W f , s „ 40.6 

UiAic tA ajSjl ojlA j-a jl AjjLum I Lli^jil J^*_a 4_<u3 ~ 3 1 aJ LaJUC- j 

(jl ^j^iajJ 39.6 Alia-aSI jyij . ^jJiJI JclLall j-a AjjJ^JI 4li£il ' LiaJJ ^jj 
^ AJjVI Si-ail JJ^JJ 4_uolj.li l.li. L-LuLla a j'*' a all 4jlaJI ClltiuijxjS 

t 1jq-s"l\l (J.l*-a JJJ«J 

4il—ial . jjlilxiil .lli.jJI J-alxil UojljJC.lj 4_lijVI si-all Jy^JJ (3 .' ' "*J 

.Ajjlkll <aluiil3 SjiaJa AiliiJa i _axs JJjtj <uil jJ <j£-aJ cflJj ^1 
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jU "jjjjx" j-i^aj (Parameters) jjJ-»-a ^ jj^j ^1 5iUia] 

(_£jLuiJ I LlSajll J-l*-a jl LaJ A jLb all J^Lt-a Aj 1 Vil *l J^jIiJ t-Jjjoljj dltluij aJ^ll 
:,Jj La fJa«Aui 37.6 J 14.6 (jiitaUxJI aUjI (jli ji!l j-aiSI Ja*-o 

P f V 

x = ,,^., r , . ... Cs -cs 41.6 



y™D + rn s 



ClV^U-a (jj^ LaAic. j a3 AjJJaJI 41&SI JySjJ jU 41.6 <UaU-aSI jJJJ 
Ixijj^ alt CjULaC ^ AjIjVI a.lLa]l liDl^Jjuo! (jj^J I— "^J 'AjiSLo j^iiS! 

(_i*lj(-a (jj^Jj '^"'"j 9 l)- 4 ^ cli 4^.jA J) Via 2 ilj, (^jiij^a i "j"*-"' 

AjjIjII <ULaJI (_i D = |i (jl LaJj SI Jj> " A JxIjla] LjLum J j. " *N 

Ajlxk a£jIc (jc 13.6 aLU^H (jli (Steady state) SjiiouJI 

(Specific substrate jVl jjJI L y^^i\ Ja** jjj (Linear) 

5_aJ ajasj (j£aj a^U-iti A^sLtSl si* JiU. ^ ■ ■ji^'ti Jo«-aj uptake rate) 

iaa SI _jl ■ ua iVI Aij^ia (JLaxiuilj AjLjj all (J-abtaj 'J'"*- SI (Jjj^aa-al! (jLibt-a 

.(Linear regression) 




aJJ SjLaS ^jju^L Js. ijHujjaiS Aerobacter aerogenes : 1 1 .6 JiuJI 
i (■) AjjjsJI JjS jj .(limiting substrate) >»jJI it jj&j 

SajjJ i ajflaaj) Jjla J>uaj jjc j .(maintenance) <UUuail (jail aJIc- i >^'^ 
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tSjil J^ljc- u "J j ^ "J 'K.^tt JjiLft ^4 "jojj^" jJjju J^xluL ' u J ■ »a II jjjjiilLi SLSLi^i (jc- 

= IJOg(gDW)- 1 . O.OIg|-';m s = 0.08g (g DW hp 1 
c f s = lOgl" 1 ; ^»c= I.Oh- 1 ; K,= 

■ 42-6 AJjIxaJI i_u.ua AjaliiVI i_g jlui^a (jfr Oailijl JaaJI jjju 

Ajaliij ^gic lall dL/le-lLaJI o^A Q$ liiijj t(j;l*-a cSj^- LiAj^W 

P x = Dx 42. 6 

' Ja*-o j ^.tijyt jjj aSXx!\ 1 1.6 lK (Jj 

ALU-all) ajjj^JI ^Sll jj^j^ (Expression) AajSII UlaJ lj>U 

jSxj caJjVi sjUI j£ jU 39.6 aSAxJi JUj] ^ 42.6 ^5 (41.6 

aLUJI ,J L»£ (Optimal) Jl»Vl > Laa^t Jja-a (jjliui U^c t 0 = m s <J ^1 

:aJU1 



Popt = )"maxi 1-./ f , „ I 43.6 



Jaaa (jJaij (Optimum) ( _ £r Iiall fjSJI si& AjSbll J 

jjlij-a£ AjLu^all dua.J Ijli . I^L^a 4 jLb all Lo-lic ^^^aJ! J_jjj-a ^ JjaJ 

(j^ Jj.laJI oJ-latLo 5_LLt_o Ja. JLaVI ' LialSI J^t-o 1—ll-uia. ■ aSSj l&Aic- t 

j Ja. aH*JI oi^J uj^j -(Third-degree polynomial) ajMI 4a.j.i]l 

io^ia-all 5Jjl«-aJI o^A (Ja. (jc LiajC. <j£lj ' LjiaJjl dlV-la-al JjjLalt JLa-all ,j 

.(Numerically) Sjaic. Aijjkj JaJ jlaJ ^i^uVl j> 
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The fed-batch reactor fbdal-^UajJI c^lclia 4.3.6 

CljLlLaxJI J YLaaJjJ jjSYI dL^lelLall Jja-uSS (jx ^ J^' I Jfi*J 

iLivLi-lLs 4 laJa all AjjjjII < s jjlail Jc- o j^-ij. nlLi ^ajoij 

JjSjKll jj£ jj Je JiliaJl* 

(jill t((_pajVI jj (_pa*J jillLj CjUjiil Cilia £ aj) (High titre) 

£>j* tjjj I - liL AjL£j lilLiA .Aia.Mll JaJj-all J AjUjII AjJU-all CllULaxJ Ija. La^-o 
I -Li aaJ ^UJaj— Clllaijll Cl^lc-lia (-3 . dltlui jxjSll ClLilelLaj Cl^lclLall (j-o ^IjjYI 
J 26.6 (jijJjU-all (J *L> UaC *Uj Aj] jVI si-all j AjjjaJI 2h<U Jj^ll j j| jj 
J Uijj-a C s 4j]jYI SJUll jj^JJ Sjlx. .A_*U]I JjSlI CjLjl jj (jAjJa 29.6 

La teJaJ JeUxll Jib ebill JjiiJj ijjSjjll Jlfi ebill jl i^ULV' 

:aj]UI aLUJI 

1 dV 

= 7 dT 446 

jLjjjl J] Aj>UJ ^gC-jluLLui 4 D 1 ajjIj A-aja Jc a last - all Cuj bjj 

tLulj J j.^ all J^U-a jl£ bj .Jcliall Jl s.bill jLfiS (Exponential) jjal 
:ajHj3I ajjUaII J La£ jjfL AjIjVI Si-all j AjjjaJ 2h<U J&]| ciljjl jj jli 

d( *+^ ls) = [(« - D)x - Ysxr,x + Y SX D (c s f - c,)] 45.6 

M = ^SX^S :/J LaJ . ,1 



d[X - Y ", (c[ -" )] =- D [x- ya (4-c,)] 



46.6 

dt 

AJ jgjoij AjLaljjll AjjU-all si* Ja. ^LaJ 44.6 ALU-all Ujja aojj 

lAjltjll ALU-all 4.kJ jj 

Ysx(c s f-c s )-x Vo 

ojLall jjSjJj tAjjjaJI Ajj^ll Jy^JJ Jj JjoiIulLUj JAjji V() J C s o J Xq 

jjfL .(Fed-batch) ^ULI-CiUij Ajlac. ajIjj J <e jjaJI JcAi*ll --^ j aJjVI 
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J£ jj^jj i>> jjj^j ""Ac c s ^ULVI tiiUaj <J ^jVI ^ j-all jj^jj 
lilli ^jjuj .(c s ) ajLuJI *Lu! UjjSjj (Initially) e±R ».iU 

' 1 i aj 4jLa*]| Ajlgj (Jj <i^JI ,J 4JjJ»JI <SjS3I 4-aj3 j-a Jj£l LfrLaJfl Y sx C f s jt 

2 Vt<tl Jj£jj (jjSj La^C ySa, jLOjl jjic ^ SaSl - alt <j£aJ liilil 

.1.1*. LsJlc ^JjjaJt 

tjcliall ^J) cliiil ^jal (Exponential) ^jiaii ijjjl ^Ua (jl£ lit 

JjSJj ajlt jaJJ AjIcj mi^VI j3jj ^ (_>aaj lillj ^JjJjj 

lilli ^JjJjoi .^l-liJ! JjaJJ Jjlx-a '"'J.'"'""' ^jj Ia Vir- to Ji j 1^ a Jj i . n^Y 1 4_lo£, ^ j i gj ^"n 
tajLtll ,j ■ i '- 1 Jy "SU^*-^ AJjSII JJ^JJ (jl LaJ '(j^J 'cs c '->^ (J.2*-a (j^ailjj 

(j-a tAjljVl .it J-all f-aaLaJI j at i alaVI J^x-a (Lujij) CjLull (Jc JaliaJ! (jlVaJ "*4^ 
AjLat 4 qS"i-s a j»l*ia! dlLiaJj! jjj-ul J ja. j ^JlSj Lax, 1 -s , >il j jjjfii jja J i aSj?t Lj '« a ■ a 

J i ail (^ic J jj^aaJI Jskl U..uti AjLat j j t (Fed-batch) ^ULI-CiUij 
jjjUlj L$la. i _uu al l tajSa-a j Aja^a 5_ag_a ^ (Optimization) Jjj-a 
i_jLuia. AjLac ^gijj tili. ^L^. jai js jii LaAk. ^jia. .(Empirically) 

^Uiia^U £^aLljJ (JjJail (jc ^^JJjaJ ' lla J (JiLi. .'s^ajt-a 4 l£ uj a jA j»LtiaJ ^^alj^>J (JjJail 

■ ja'iW i..*\^*W j| _aJI jj^Jil AjjIj <-aj3 ^^It ^ Sajl aJt — 
jl) <JJJ^JI Sh<U ^g-aijaJI j-ajll J^x-a] Ajjlli 4_aj3 ^^Ic j Sail aJt — 

(4 'J» a AjIj! SjLa al i aJ at 
'sjLa al i aJ "I jl) AjjA^JI 4jj£iS ^-^ ^, 11 j^ajll jAx-a CjLu [jfSaU ^ll 

'ojl^aJI L_Ljj^aJ (j_aSj Jl il.2j.la-a fj±SJuj&)2\ JJ3 jj (jj^J La-lie t(4 m ^j' 
ojLail djUill tjjjiaLj ^JJ La L)llc. 5JLaJI (jj^ ^° ^^-J JJC- 

^jj t^tixall ^jli aJ I lajjlJ ' ; U '"' 4j]jVI o^Lall 131 a i^a^all Aj] jVI 

i AjcjJI ^^Icj tJamiSI ^^Ic <iUj AjIjVI a^Lall JJ^JJ jLjia.1 AJLaJI aOA 

3 kal - all JaJ ^> i_Jjika]l ^ULVI ^Lijj jl .LiUJI 
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.0= F out La-ljc 28.6 ALU-al! (j-a <1 Ajlliuil 

d(xV 



dt =^ XV 
xV = xoVoe^ 1 

-Vxs^ox + D (c[-c s ) =0 

ri — r_ ri — r_ 



48.6 
49.6 

50.6 
51.6 



tilljj 47.6 <taU-aJt t> x(t) ajjj^JI <!j^I j^jj J' ^ J j 
*(t) 



Xo 1 — axo + axoe'' 01 



u = 



xs 



52.6 
53.6 



1 00 



Volume 




«^Ta a Feed flow 



0.; 





g 


- 0.2 


3 






- 0.1 


t 




3 







20 40 60 80 100 120 



SjUU i^jIj jjSjj ^ULj-CiUij jfrLia (lijiia (feed flow rate) ^ULVI jksi 
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g ) »! jc JS1 4aU SjL» *l jc. 0-5 Y sx Jj*aa «" J^Ut* Lua Cij^cl .4JjVI 

(h -1 ) AeLuJL 0-02 a-9jaj Ua jjjjlj no CuIjJI ^ jjj) Jjuj (DW(g glucose) -1 
d (Ja\ j5al p2 .(kg m~ 3 ) jUb jJS 400 C f s ? ULVI ^5 4J jVl »jU2I JjSjjj 

^a^j Xq AjIoxJI fjj ^ AjjjaJ! 4jj£JI jj^jJ j! -C f s <Lui ^ Jai AjijVI SjIaH jj^jJ 

jl« 80 j (kg m" 3 ) i-al^t jl*iU jJS 10 J*-iuulL (Jjfxi <^a ^jjaJI <Jcli»ll 

V 

— = I - ax 0 + axoe^ 54.6 
Vo 

j AjjJiJI <Jj£]| JJ^JJ (jJJ 4i)L*il Ijiaxj I lax 12.6 (JSjili (j^J 
^Ij^Jj Jj£jj jliic-l ^l*iaj— dllaij i— lULaC. (_pLi. (jSJu J^3«-a j JclLJI 

t> 1915 ^a (Fed-batch) ^UiaJ-CjUi^ £ j jil .k»j Jl«U 

aLjL sjial j . jfiJI jrtijj (^a ^iVi».n JjVj Dansk Gserindustri <Jj| 

CjULc. ^a .(Danish method) ^jLu^l ^JLjiallj <iijia5l 

(Molasses) csj^-^ JSluill f^-^j g, 1 """ jjUiJI ^liiV Aib^JI ^l*L]-iiil*a.i 

(Traces) ^sLl*£ <JI l>°^ '-^-a^"- 0 ^-^-a JaijJa j Ajill j-a ClaJ 

^Uaill liA <jl (> .(Exhaust gas) J&^l t> j^' ^ Jjm^V' 

.loSaj t^jiJI ojj^i. ^l5jj AiLiaVlj Jj. 4_La£ JySjjll (jj^J ' llja 

(Secondary metabolites) ajjjIj o^jI CjL£ ^UL]-Cjl»ij ajLc. 

0JJj£ '"'I ;*^J"J AjcLjj^a (j^aljC-V CjLajJ)jlj ' "J'.'^ 5Jjlc- Ia^jjI) 
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Further reading 



£*-jHJ 6.4 



Herbert, D. "Some Principles of Continuous Culture." Recent 
Progress in Microbiology: vol. 7 (1959), pp. 381-396. A reference 
paper on maintenance metabolism Very clear in its presentation 

Monod, J. Recherches sur la Croissance des Cultures Bacteriennes. 
Paris: Hermann et Cie, 1942. A classic paper on kinetics of microbial 
growth. The original paper specifies the kinetics and gives a 
qualitative description of cellular growth kinetics. 

Neidhardt, F. C, J. L. Ingraham, and M. Schaechter, Physiology of the 
Bacterial Cell: A Molecular Approach. Sunderland: Sinauer 
Associates, 1990. An excellent monograph on microbial physiology. 
The book gives a very comprehensive description of the growth 
physiology of bacteria. The description of microbial biochemistry is 
very well structured and excellent for both teaching and research. 

Nielsen, J., J. Villadsen, and G. Liden. Bioreaction Engineering 
Principles. 2 nd ed. New York: Kluwer Academic/Plenum Publishers, 
2002. A comprehensive monograph on modelling of fermentation 
processes. The book treats both growth kinetics and design of 
bioreactor operation. 

Pirt, S. J. "The Maintenance Energy of Bacteria in Growing Cultures." 
Proceedings of the Royal Society London, Series B: vol. 163 (1965), 
pp. 224-231 A classic paper on maintenance metabolism. The paper is 
very clear in its presentation. 

Roels, J. A. Energetics and Kinetics in Biotechnology. Amsterdam: 
Elsevier Biomedical Press, 1983. An excellent monograph on 
thermodynamics and kinetics of cellular growth. 

Stephanopoulos, G., J. Nielsen and A. Aristodou, Metabolic 
Engineering: Principles and Methodologies. San Diego: Academic 
Press, 1998. A comprehensive monograph on modern theoretical 
methods applied in fermentation physiology and metabolic 
engineering. The book describes the theory behind metabolic flux 
analysis, metabolic control analysis, and thermodynamics of cellular 
reactions. 
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Bioreactor Design 
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Nomenclatur 


a i a i ii mi 


A d 


cross-sectional are of downcomer (m 2 ) 


JJU1S jadl * h\<i\\ 4aLui* 


A H 


area for heat transfer (m2) 


AjjI jail Jill! AaLuw 


A r 


cross-sectional area of the riser (m2) 




a 


parameter in Eq. (7.8) (--) 


(.) 8.7 *JjU*1I ^ J-le 


c„ 


specific heat capacity of the broth 






(J /kg/ °C/) 






(J/kg/°C) 


c 


dimensionless constant (—) 


(.) JbuVI jWJfr C^Ij 


d 


characteristic length dimension (m) 


(m) Jj^l 


d; 


diameter of the impeller (m) 


(m) J^ 1 


dp 


particle diameter (m) 


(m) J* 


d T 


diameter of bubble column or tank (m) 








(m) 


d„ 


fermenter wall thickness (m) 


(m) j^-Ul jlJ^ 


e 


energy dissipation rate per unit mass of 






fluid (J /s/kg) 


(J/S/ kg) gJUl AJSS eJa.j 




G r 


Grashof number (--) 


(-) ij^ljfr 
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g gravitational acceleration (m s-2) 

h f jacket side fouling film heat transfer 
coefficient (J s/ m-2 °C/) 

hi film heat transfer coefficient for the 
cooling water on the jacket side 

(J/ s/ m 2 /°C) 

h L height of gas-free liquid (m) 

h 0 broth film heat transfer coefficient 

(J /s/ m 2 °C) 

k parameter in Eq. (7.8) (m" 1 ) 

Kj impeller-dependent constant (— ) 

K T thermal conductivity of the culture broth 

(J s/ ml °C/) 

K w thermal conductivity of the fermenter 
wall (J s/ ml "CI) 

1 mean length of the energy dissipating 
fluid eddy (m) 

N rotational speed of the impeller (si) 

N u Nusselt number (--) 

n flow behaviour index of a fluid (--) 

p power input in gas-free state (J si) 

Pg power input in presence of gas (J si) 
P 0 power number (--) 



(ms" 2 ) (^jiaJI £ jluull 
(Js" 1 m 2 C 1 ) 

fr Li i x ll ijj jail Jiill Jabua 

(Js 1 m 2 C 1 ) 
jUil <> <^UJ jJUl gliij 
(m) 

f Ludd ijji jail JaUI Jabua 

(Js" 1 m" ^Ijjfl Ja*-jJI JjU 
2 - C 1 ) 

(m" 1 ) 8.7 ^ J4e 

(-) JjLiaJI ^Je lAJ-a ljjIj 

(Js" 1 m 2 C ^Ufl ^Ijjll 
*) 

(Js 1 m 2 C 1 ) 

JJjla JjUJI ii JjJaJI Jjxa 

(m) tfUri 
(s _1 ) jaLill £bj J 

(-) Cil^ J j jiij 
(-) jJUli uW"^ i2 jl*- JjJj 
2Lj3UU SlaJI <Uil.il! » jSJI 
(Js" 1 ) JMUI 6- 

JbUI Jja.jJ Alii Jil » jill 

(Js" 1 ) 
(-) Sjlll 
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P r Prandtl number (— ) 

Q volumetric gas flow rate (m 3 s/) 

Qh heat transfer rate (J/ s) 

R e Reynolds number (--) 

R e i impeller Reynolds number (— ) 

SG sight glass 

AT temperature difference (°C) 

U G superficial gas velocity based on the total 
cross-sectional area of the vessel (m/s) 

U Gr superficial velocity of gas in riser (m/s) 

Uh overall heat transfer coefficient 

(J/s/ m 2 /°C) 

Ul superficial liquid velocity (m s-1) 

Vl volume of liquid in the reactor (m 3 ) 

P coefficient of volumetric expansion 
(m3 kg/ °C) 

y average shear rate (s" 1 ) 

v maximum shear rate (s" 1 ) 

■ max 

f L volume fraction of liquid (— ) 

H viscosity of liquid (kg/m/s) 

jw w viscosity of water (kg/m/s) 

fi Lw viscosity of liquid at wall temperature 
(kg m/s) 

Pl density of liquid or slurry (kg/m 3 ) 

T shear stress (N/m) 



(-) tPIji f^j 
(mV 1 ) 

(Js _1 ) tf JjaJ jsai JJ" 
(-) jiijiu p5j 
(-) jaUU JjJjLj 

(C°) Sjlj^JI <-fct5il 

(ms" 1 ) <jijaJl <^j*ll 
2^u,„tt jii!! jut 

(Js 1 m 2 C 1 ) 
(ms" (jJUl! AjiiouJI 

') 

(m 3 ) Jeli»ll f Ul) ^ 
(m'kg 1 . C 1 ) 

(S" 1 ) J- 5 *- 4 
(-) jJUU < ^aJ! <>UI 

(kgm" 1 S" 1 A^jji jJUJI 
(kgm 1 S" 1 ) f US 

(kgm" 1 s" 1 ) jM 
(kgm" 3 ) £-iU2! litis 

(Nm" 2 ) 
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Introduction A^jaJI 1.7 

a i*j i <il£ j (jc. o jUc. j^i-all jl (Bioreactor) cs J^LL^ 

^tijj AjLafe ^ Lijjjjuia l^ja. AjjasJI ClLylclLJI ^au .La 
i j| tAjj^ajl j| j| tAjjj^. (J^^ sIjjoi tAjjjiaJI Ajjaill ^gJc 

JJC. I " pi i <aSj| a-llaaj jl '^>a.l t—l^^ J] La i_iS^aJ ^jJaJI JjjaJill AjLaC 
Clsl jia-a 4_lxu:ljJ AjjJiJI Civlc.lLa]l ,j CLliaJ ^-Jjl ClL/Lclijll jiaj .5jjC.j-aJI 
j| ClAjLlill j CjljljJaJI j\ M 7- all e.lia.'Vl jl CllLaJ^jVI Jj-a cAjjja. 

• CLoiLljjjlSllj Llj^jj^jJjLaJI Jla Ajjla. ' " ^ .'^J " 



s 3 

<J iil33 ^ jjSI c^l&lLa ^^Luu ia j .250 m 20 L jjj r jl jjj Aiii^ 

Jl (Batch) AijjJaj tdlVlaJI jjaa * ijj td^nliall Ja»j .Aiut^s CllULaC. 

jJAajJl ClULaC jjaac " I^JJ .^^ia-a i_S jjia diaj j (Fed Batch) — Slii-aJI 
Jajj .a jjt > it AjjJa. dilclLa L£}laJI jl Jj; 7- all CjLuI^II A£.!j^J AjuIjoJI 
1 aa a ^>j£! (JclLa ^1 Jja 1 ail JelLa]! ^j"'^ a Jill t<x3^1j 1 SAm a Jda-a (_>aj 
^1 J (jJa. AjLaaJI s^A ojlcj ^JJ j t^qr oil jjJI JauijlL U jlaxs 

(_J£joiJ AjjLaa]| dlLjlajdl ^Ja« a (_J^)aJ ■ Ali.iii..nSI Jc-lLa _a&j t^llliV I J"*^ a 

(_Jc.lLa]| ^li-all Jajoijll ^jJaJI jliaJI ' al ■ <aj '"'J - *- 4oj_4-ai-a ^jl_>a 

J 2 ^ — \l Clplc-UiaJI qa <*jLi]l ^1 yi\ ^gJc J' aill I^A j^JJ .1— luiliail 
. Cll!ilc.lLi]l oi* (j-a (JS1 CllljliicVI ^g-lc-J Ai]lL<aJI 4_jc-Lu^a]l CjlAaaJI 

(Stirred Tank Reactors) 2i jiLJI 4^^! cj^UJI - 
(Bubble Columns) tiActiill *t>^\ - 
(Airlift Devices) ^31 j£\ g J cj^lLa - 
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(Packed Beds) s"jia-aJ1 jj^l - 
(Fluidised Beds) aILxA - 
(Photobio-Reactors) j^I Ca^IAJI - 

4-lLaE. f.lja.V i . »j\U,^l Jcliall aallaJt jc. jloill (J«aj J — 

jaJ ja. S^C ( _ 5 JJ oliiiVt ' . '^'j 4jjjaJI (Jeliall aj a i ail jli t4 iji a 

g^LlI ^jj-o <-£A? 4_}La*]| ls 1c JalLaJI 4ja.laJ ~1 

.(l£UJI (> Jaaa j £ jj ^jic ajjU. t^l) i(Monoseptic) 

<J j. (jjl»_a£ jJaJI jliaJI jLilil jjLajJal -LlaJI ^\ "LaAaJI _ 2 

.jjjj£]| Aiui^l (-jU <SI jjj jj^i mS^fl jjg aJ — 3 
(J.l*-a jjLaJ a.ie qai^sH AijjlaJ L$^p*^\ jaII jj^aj — 4 

.(fl JJaJI jliaJI J^aC. AJblal JJ aaJill 
.ojljaJI 4ja.j.2 ^^it tjUj, Jl J^V OjljaJI JSill -5 

JclLJI (Shear stress) ooSJI ^ cj^^-a Jie. SjkJI -6 

jail 4 iajail jj <_£jJaJI jliaJI jj i aJJ V ■ " Ua J (5 JJaJ' 

Bioreactor configuration JlLuil 2.7 

Stirred tank reactor jjia^J! o^jaJI £&s-\±a 1.2.7 

(fl j£j-a Jj-aC ^^Jc. (_£jiaj Ajjljiu-ul (jialja.1 dLil&lLa]l oi& 

Ja.il ia .(Agitators) OlaliaJ j-a jj£I jl .laJ j .iiai j lilja-a 4 Knit jj ^jaJL 

^jia-a ^ja. JclLa :IJ JSJiS 

.Jlia 
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■ (jjjfo n\\ (jijaJI jJ J&LLa :1.7 JiuJI 

■£-aJ (Baffles) JaJ ja. "LujL o-^c- Aj a all c-Lia-VI Ac jja O^J^- 

(_>bjc. ^Lj .^jLail (Vortexing) cAJj.il! cj j.ia. £_Lal cltjll ^1 <jl j^aJI ja 
c<_5l) (Aspect ratio) aaUjII a+uu Ul .^jaJI jLa 12/1 J 10/1 _>L=J! 

- l^lmJ ^1 CjLla*]l r \ ' " ■ J J '5 J) 3 (e^i (>a jail (jJaiill J] £>lijjVI 

Acjjx, 

(Animal cell 4jjI jjaJI L£UJ1 CjI iiih<« J ^ Jj* q±\ j*S jjjj V 
JJaill ti c£l&Liall Ulc. j=J jaJU culture) 

Jj^l CjI^I ^^jj ^1 ^jLall (Turbulance) ^Jjk^VI 
^U.nll aIMlI) oxij .aaL>j1I Ajjou ^jic. S „^",„ Jl tiilaliiJI jjc .lalu .LiLaJI 

.o^stS (_3ji (_>ia jaJI ^laS 1/3 <aLmaJ 

a J-a ^IjaJ j-lSj lllULuiaj » ill Ig-iJaa J jjc. AxJJ A A i r-ij CjlsLii. lilli* 

4-l...alLl jaJI jLS dJj Jl ja. ^k}3 AiUaJI jlaS Lai .AjliaJI jLii ,jJJ>o jl 

(Rushton disc uJ^jj o^J* ^-^jy j*^ olaliaJ 
jUia-all Cilalii. Lai .(2.7 J'snilt) a i la all cjljLSoll oli dilaliiJI j turbines) 
0.5 U>a ^JLua (2.7 Jlill) jj&I (Hydrofoil) UAsj^" ^Ul 
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4 _ g A j iojjll^ll i - <1 j ^<1l (j^ali. cJ^-*J AJluS UJ^J '(J*a_J^ jia3 0.6 

i— ili (Mycelia broths) Ajjlai JaLmJ ^ ^ jiao ^1 cjl j*^! ^ ^.vsWi 
d»1 i o^jia (Impeller) AaUij j^j Lpla L£L=JI ^ jt jx (_pal j^J Lai .Aill& a_s. jjl 

.(2.7 Jl»ill) AjjiJI CllUiU Jla ALla ja. aj3j jl£ jia3 




LjljiiJI Cjlilii t^jluujj t>aj^ (>) :A*jUi!l kililiaJI £j jj) :2.7 Jl^JI 

.Ajjaoi! AaiWI (j) t<JjjajjJj$JI ASlia. (^) tAjJa^JI 

-I iklmlj AaliiJI (jiaU JclLJI ^La ,J (Sparged) jjiij 

.IjjI 50 ^^Ic 1(5^^ JjJj jjl! (j^al (J AiibJI (J SjjJ 120 S-ile- jj^" 

AcjjoJli (Microbial cultures) ajj^JI CjLuI£JI ^J>> aJU. U 
(Tip speed) (JaUJI A-aa Mji V cjj^ Ajjlaa Ja j±k J (Mycelia) 

lift .AjjIjII ^ jLa 6.7 (^Jc. ((jljj^SI Acjjj X 4iUiJI jias X7T i<jl) <SUJ! siA 
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^gJc. aajgiLa jlxJI ^jlj^jai] (-aa-aJI (Jjxdill U, A&jjj (jj .JSI 

-fc ■ Laiic AaliaJI jxJu) (Impeller flooding) AiliiJI 5 ajall 

. (Jlxi (JSjluJ AjujjJ ^jialuij La-a ! jlc. 

3 Ja kuill Ajj^jII ^Jjj AlJJ V till -^Pj Ua^-a. Sj_4Ai-aJI AjliaJI j 

.0.05 m/s (jic SjIc 

Bubble coulumns Cileliifl Sx»&i 2.2.7 

aAc- 1 jax1\ (jj^J .tllLc-liall J yaC ^jj ,_^a LjJa. iLcLLa 3.7 (J^^ £L*iajJ 
(jx Jj^utSI a-lcll .Ajc. jUJI Jjoiil .8 4 (jJJ La ^jljJJ Ajalai. j Ajoiijj tLliljjauil 

(jx Ac j'' ax ** JJj * t_ljSJ CjI j dll^joilj (_pLi i^yi j! AjfllLa ^jlL-a jl t_LljLj! JiLi. 
c.|jVI (J-aljC. LkjJC- j JaliJIj (jjajjiSVI (Jlsiijl dlljlac. jjIjj . -jAr^a]! jl ^-L^Jjll 
i_Ji.|j iSJ^ dllj.il £jJajJ A3 .(JjLuJI (j qjI ■ j jljjl (jLljjoi (J.1slaj ^uiJJj (jSjjjj 
a L alall Aa. j^llall Jjjli^)]! j AjJ j^xJI ^aJ jaJlj AjiLaJI AjsaVI ^''^' | all (J!L« (J^j^ 

• 0.1 m ^^Sc Jjjj jLall La Jcliall J-aC. ^ Jj-a*]! jLij jjjj V 

Jitx .(Axial mixer) ^jj^-al! JaliJI j j-a& liili ^ cjl^LuLuVI j 

Jiill (j! La£ . (_pajaJI ^}ia3 ^-a JaiiJI AjLaC (jjoiaJJ '(j;l*-a jit (jLj^uj 

^jjj V . jlill (jLljjuj (J^st-a 0^3^ ^'^J2 ^jLuill <_>«aal' (Jl«-aj (c^^' 
Jj^aill jJajl) 0.1 lTl/s Cllclaall oAaCI ^3 Ajj^jB (jy aSlI Ac-jxall 

AiaU-aJI al^kiuj^iU (cJjyJJ J^j A-aJ^a dlcliflll e-lacl tll!)l&li-a jj .IiilliS 

.Luioij A^. j^] J^aaJlil i"<lj]«r. (j-a 1&jjc.j ■ ail (—Sjju^ll «.La] AjjJaJI 
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Airlift bioreactor 



yAji* £$*\±A 3.2.7 



0 



o O O 
0 



tjjdL-aia jijilaia JJ Jl (_£ J^aJI £^JI (Jclia (_pa j2l J £jLall ^u"j 

ja La£j <(Draft tube) Jaiu i_i J (Baffle) j>L* *JaJ jj lilljj 

•jll iliala]! ^jCi .Jaiia jiiaiaiall .laJ J jaJ jlc. (fll jl «.l j$ll Jjiil .4.7 JSLuilLl 
jUll -V - '.-" V JiH Alialall ^ in. i*1 jja. J i (Riser) ic\ ■ all J jUll Ifci JJ^il 

^jLal! j jUJ! L$ji ialiij Jll AHaiJl aj^j^uiJI SiljSlI jj .(Downcomer) JjLslLi 

(jli JtilLlj tjjbll Aiiala (J Axaj-axll AiL&ll <jx JS six. Sfel - alt AjJaia J 

AlJala J JcYI jaj ' " jlill jUjjjl jLijxu 

t j^.LaJI Jaj .JjLllI Aliala J (JiuiYI J^jj JcL^II 
(jjjj j^iC jjjjjjL) jj^ a a LiUaJ JjUllj id 1 all jj^ 
oOolill j 4_aill J a! « jll 1 a^ ■ axjj jUaJJjJ jjli aala 
Jc. (Jj i II (jl jjj <Ua jxijl jjj£jl 

4£ 1U JJ jUll <> J&1I Jaill U*t J Jlla *|j 

(JjLllI Jj i all t _ s jJaj*ll xJaLall <La.LuLa <ituj jli 

*i jS ciiU-lLi jl .4.3 j 1.8 jj; jj^j jl i-toj 

J ItjJxu (JSI ^J^jl- 3 ^! <UajjijVI J^"^ Jlj^l 
(JSjjj jj^J J^l *J 1 "**^ .' 2jjlia Aj^jLa^ill dlLal ia»JjmVI 
J£Ji Jc Lai jj£j AjLkl^ll 4ja jJijYli .Ajla-b 5Ja jjuijl 
a Jajjila 4jl jiauit JfLj Jc- jl I jSjAla Jaiui ■—J^-ul 

.(Split cylinder) 





— 




J 


J 





t 



jlnUili jj-c ;7-3 J&Jdi 

Jl jgil AiJI tlllJ AjjjaJI dLyL&lLall JJ-aJJ 
^£ Aj^LuJ jl Vj jikxil Cllj.aa.JLl AjjlLa "JUall J^kloil J kAxl\ L$JeL4£j 
^jljxll (j^aLi. (J^'J <AuiLla Jlj^JI ^3jll Cll!ilclLa (jl LaJ .AjjLlLa (jJC._jj]l 
CllLiiijjjll ^jLaJill ^jli ajll J -.^*>..r> La LJlc. i(_j^aall JJjLil 2 , J , aa II 

A Zi§ 11 jJaJI Lj!>LaJI j-a <L aaJLui all \u ^ill 



321 




i-il j^-^'ll tClljjiii] <Ujliil AjiaAa SI <jl.lj.lll ^ ■ — " L_sjj^i]l c.Lal 

igj] La£ .^jikVI ^jloui (Jjdiij 4 JSVI ^^Ic. t^gA t Jj£]l j cSj'j^' 

ptil iaijjj .Clllcliall o.laC.1 CAvl&lLa (j-a £jLall ^ A i ail jlj-all (Jjl^J ^ Ajl&li 
(jl Jj^ll J.l*-a j jliJI (j^ (J^*- 1 ^ ^i-iUJJ (J^joU ^1 _J$JI dL^lclLo 

JjLJ jljjj J^«-o Jtajj 4<*lc SjjA^jj .JjLuiB ^jUII (Circulation rate) 
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LS* l3j^' LS^j ^J*^ (-$-"^1 (jljj^ ' . jl ^4 •^^ £ - ^-Al^J < . 1' "\l tlL/lelLal! 
(j<a (JjJS -^J^J Jl M^*^ ■^'■O* (jljj-^l (J-^*- 0 clM i^cL^allj (JjUll jlil! 4_La£ 

f.Llil £jLall £-a 4jLiuij| (Jjlill J jtill ^J<i> <j-j^J . (JjUll jlill 

-J «l i -»*' ULl^l a Ikluij . (Jc-lLall <LaS t^JjS -IcL-all <jxi Lajlij J jlill 4jLijjai 

(jjitjJI 5iiaio (Gas-liquid separator) JjUI jlill c^jic ^> 4iiLk-a 

CllVjlt jj .JjUll jlill Jl&jl £Xa jl JjlSill (JaJ (>> Jfrliall 

^^jll ClLyLclLalLl 5jjlLa £jLall (j'jj-i (j-a -^j^ t— luilla (J^joU 1 

(_pa_&*J <—Sjjjo (jljj^ll Ajiil^ll ojall o-^Ljj (jl C$! .tllV jl*3l (Ji* ^^-Ic- (_£jiiJ 

. CllV jlstll oi& -^J^J ' . (jLj_>"l AiLial 4<LajlLa (Si ^gJc- -IjJJj 

Fluidised beds 4JL-uJI jj^l 4.2.7 

4qU a lllliua (Jt (J-oiuSj ^gjll ClL^lclijll AjjjjLLo "ULoiaII .i_&g-all C^lclLa 

(Immobilised sjjaJI CjUujjSfl i(Biocatalysts) ajj^I CjI jliaJ ^ 

£jLall (j-a J-a*Jjai) Ajjgja all ClUjl£ll Cjls^aajj LlvLaJI j enzymes) 

JSJtfl jfeil) *jLo1I jIjJI (Fluidise) aJL-V J J 2 -' ^ J 2 ^ 1 

(jj£ - 1 *"*' i J J Cjlcliall Jj-aC JclLa <Jjj^JI <Lli.lill (j^i (JelLal! 11a '^Aj -(5.7 
(Jal (_g jIi.ilo ^gJJ £jLall Aja ajoill 4c jjaill JJij <J^I (j- 0 l^Lud JJ^I (^ jlxll (J-aSlI 
i j-all (jli (JIjILj ,JjLui5I <J 4iia-a 4 ;\ > all j| jxll etLV jtUJI (jjjj ^ 
j > I JclLJI J _aA£ ^1 <J_pJj 4jtuil _all Ajjalall ^ l_Luijjj L-Sjjji A ^ i all 
^gjj ^-jLaJI (j^ 4(JftlLall (^5 3 A i aSI jl j-all li^Jj .(JiuiVI (J-aill 

J_4g-a]l dl!)l&lLa ^ CjljliJI (j-a jl 4f.lj^JI JjoU (j^-aJ .^jLaJI 

JJ i all ' 111 jjfa It lil L-lL-a — ^jLa — jlc. (JLuls ^-a (jjjSil <1Luia1I 

(jijLuVI ejLall ^ I Aiaj V (fiill iVjall (j-a CllljS tJUlall Jjfu ^^Jc t (jLaaUjJ 
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M 

I* 

.JLul^I J^l Jfrlia :5.7 Jiill 
jluaj ^J^e dllj AjL^a -ija.j jj 

1.1a. ^J^-C- (jj^J j' ' . 'T^J V Ailii^l (j^J ' <lj(g 1 11 J i_baijjj 4 ajiSjl p. i all 

(Fluidization) Jjj^jII jli V] j ^jUI <alii£j Ajjlia 
jl V) i (Quiescent) S-iali, <1Luia1I j IL» jj£j U a Ac 

Jla. ^gla. .£jLJI jlsuJal <ii jalo ejbj ^1 ^^Jj jliJI JLaJ 

A i a]| ^1 j-nl! ^j-ii*^ 2 ijlU Jl 4 j-s, U,„ll jli (Luuij 4 Laa dll -I laliml 

(J"0 ij' C$' AcjjoiJ (JclLall £jLall liljj ^1 (^.3j)J La-a 1.1a, Ajllc- jj^J ^ 

jjj^j t<ULaJI oi& ^ ' . laJ .(Jclilil] L_sl£ JJE. j • » £jLallj L-lL all jjj (jJ-ajl! 

jlaaJI L_al£ cs^'-> J ■ ^ u-aj j-i^- j 1 " ■ ^ (XjIaII (Recycle) 
AjjliaJl ^jLal] 2j^u, ^jjoJI ^1 tjjjjaul! acj^i (jj .(Biocatalyst) cSj^>JI 

t(J-oljC. 0.1E. ^^Ic. 2JAaJJ oi* ^ .IaIju i4_iujLa]l SJl^JI ^j-o 4_iL-all jI_&a]I (jjltj] 
.£jLall 4_a.j^ J ' 111 jjja N ^>ia3j jljia^l (jJJ Ailj^ll ( 9^11^.1 Ifrlaj-a (j^i 
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Packed beds SjJb-dl jj^aJI 5.2.7 

A \\ i <~i dll jpi (jj^-a (Bed) -i$-a (jc- ojIjc. jjia-all ^ all (JclLa 
JaJj ^ jl ^kui ^^Ic cSjJaJI jUaJI ^ajJ .(6.7 J^l) jl JJ^J 
La!>U jl Uala (PorOUS) UoLui-a La!>U jj£j .33 (JSlI j 4_iL*all (JjoLuVI SjLall 
Aj^aJ _aJ ' "'^ llfa j)C- ojljc ^ all 4 lL all jlj-all jj£j .^g-oLui-a jjc. I ■ ajl 
i^JjlAiil ^I_&a]I ^^Ic (_£ _£aj t£jLa .Aj!/L^a jjSI jl j-a jl lax ■ tall AL15 

(Restricted jjUI lsj^JI jliaJI cjUU. jijJ ^11 

^jlall ^-o l^jia ^3j1 ^jlall g3l jjll j aj^^I i jJl jjauj j .biocatalyst) 

jl (^I&Vl £jLall (Flow) j^jj-i <Jj£j ^ ■ J&^l C- 5 ^" <-^« ^ 

jL^ui jl£ lil Lai .£jLill _&& AjjjLaJI JJjljJ (JiuiVI _jaj jljjjJI j£lj i<_Jiu)VI 
i°o.3.1a-a AlLaJI si* ^ (_g a£ll Ac.jjji1I jj£j (jl ' . ' ^ all ^^Ic-I oLajL £jLall 

(Minimum fluidization J&«ull ^1 acj^I jjL>2 V J 

t<J^I j& saxj ^-all ( 3* c ' ^-^^ • cJ^y <— * Ajoiaj ^-all jli V]j velocity) 

(jjx-a <_jj.il ,3a. <__J A^iaJI j SaUjJajVI <__Jc. AjLall jl AjLIS j AiU&ll Ifriaj^a 
jlljjaill Jii-aj ..^.all Jxl£ll (jeya*ll J^La. jjauoiSVl Jia <-a^all Ajjliill jl _&a11 
(Void VOlume) ^Lia -7-^ <__J Aj...iu11j k» . all j J ial Sa l\ SiC i_J jlkall 

(Jita (jli ( 3g all <_i 3 j i all jlj^ill (jxi <__Jl-aJI a SI (jLaJ ^ill (_>aall (_^l) jy*-a 
(Jj_p <»lx ^ all (3-aC jlj LaK (j^aaljjj lg all jjc AjjjLaJLl ^jSAaII jUjjJI 
AjjJajVI ^l_a-all jj^JJ ^l^jj (c^ Clllj^i-all JJ^JJ (J aSI ^ all JJC ^jLall 

lA uulalo C-jjoijl jjia-all ^all Ajjj jli AjI&j .lillj JSLa. (BiproduCts) ^1 jill J 
(J!>La. j-a ^-all 

jl£ I jj t _lla.jj ij^ II ^»i^>ll ^J^J ^ J-la. (illi£ U^-aJ . jljjjoill (Jit-a o^Llj 

a jk^uJI jli ialaJI S*bj (.nmlj .OH" J H + —11 laalo J '<Lv.,„ J^Uill 
.IjjjSj ^Lvalma jj^J o^cli jl (_pa-aa. AiLiaj (_pLa. (j* (gjja jj ij* II ^i^>ll ^^Ic 
^)j£l jLj^xu Ac jjoij Sjlc ^jLkia ^a^a ^^Ic- (_5 jiaj ^^ill J _j^-all jj 

^a-a II o^Ij_^ U "*'^ j^*-* a l5J^^^ jliaJI JJ^JJ jl VJ i^A^JC 



325 



■L\AjJa£U aLIs jpA\ jaa oli s^jLuJI AjLall jI jJt) s jji^JI I jj .^jLall 

I^A I i ^ j o e j ui^t II g^USjl Jc. JaliaJI |jj VJ .1$ *fl aa i AS Lgjjj jli 
..Vt,*..i* .£_iLja]! -s \\ Jl jjiJ ' . UjolJ Ja ja i a<alt ^ oil J 1 It i ,-i jL^JI jjfLij 

(Immobilised S-iiiu ^L<ujji c£l£.lia£ J£..:^j ejj^a^ll j j^-all 

Jll d^lclijll (J L^ajj^aa c^likiuiU Ajli?. cilelLall si* jj .enzyme) 

all Ji.-l*i]l Ale- 4 i ^'^ j "II ^ ajall j^a 4£cjli]| jj£l jj ' aVi-v' .^ejLill A U , »1 _jj 1-iin 
^pa^aUAm ^jjaJI jliaJI j-o Jaia I*, j^a. Up ^-^J '^_>^-*JI AjllaJI * ajall JJ 

.^sjlill (jxs AjIIe. iajfij CjUjiLibo 

Photobioreactors ^jjj^I cj^LLJI 6.2.7 



jLa jl^a jrtiiy Liji^jjUuill j ajj^JI ^JUJall (Photo synthetic culture) 
£ J t.ilWn .(/? - carotene) of jJ^ ~ (Astaxanthin) Q0 

os.L-aVI jj Aj&l iJaj al o«.L-al jl (jjifljjill ejjJa -i_J^J J'J' ™ (jj^a-" 
^jLk AjJjjJall CL^lc-lLall -I I^IluI J jAjjj tojlc ' ajlK'ill Ajllt Ajclila^aVI 

f.wwi .(Large scale prod) t ^>^ll ^^V' ^Vla. J Jaaa j&Ij jjIlJI 

tAjjfra all (-lLaiall pLajV \At (Open ponds) Ajs. jjiall Jl jjuJI j ^3jJI 
Atjj* p.Luijl Jj A^LaJI .He. i alt L_Sjj^]l aL^s ClL>Lal»_a J (j^ai.Vljj 

Aili-a Ajj jj^a AjjJ^. Clilclla JLa*U l_Laj (MonOSeptic) AjjU.1 
(J j' all ■ . 'J^ AjLaC. jli < - j' all Jj ^llaJ clL/lc-lLall o^A (jl LaJj . (_Lsl£llj 

jjUii V lUy^j .Ln-oij AkuJa (jUc.1 J sjIc. cj^j (Photosynthesis) 

J jjJall UmViII Jj (_5^Jj sAlA^ll Of.LiaVI jl Laic .0.15 m L-Aa L1I liljJ (JjaC 

La I jj J j^all ^jj^jjII jAs-a LjJ jljjj aIU. j i(Photo inhibition) 

(Jjl- ci^ 1 *^ tAcjj-all J Ij^vl^aJI AAc. jU^jLlj .^Llls o^Uia'VI sAii dlljikl 

Jj Lpa.La. Jft ajvlft .?. jjJall Ajjjij AjiiJ Jc iAcjj-all J LjvLaJl Jlill 
jAj a^a Jl ^llaj Jjjiiall I ■ U^Jjll AjLoju jll iall Lj^Li. jli *.jj^a]l 

. j_jjj^ll ^AuiS jl jlj (J^-" J ft ' j_WJ^ 
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^jJajM _aA La£j '^J-i cJ^" es"^" 

.7.7 JSill 

■ j.m*> nil ^J>1\ JfrLia :6.7 JLuJI 




AjjjjjS aL^uuI (S) (monoculture) AjjUV) lsj#* J^ 1 ^ ; 7.7 

j (i) (jjjLLillS (jL<u gtJai ALLuuj Lujjl^ Aijiia 4jj^&±ji ALj^ui 
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jl t^Jajjoijl (J£joi ^^Ic-J JaluiM .laJj tJLmAuil (j^-aJ La£ 

^Ijll al laHuil j£-aJ i—UjUVI 4iUiaj .AjJ_jxiE. 4jl jJojJ[ (J _aa. L_S_jaLa ^jjla. 

j| (_ujUVI l — s jL-a i all ^lliVI llAjlaC. ,j aJjLo jl <aJajoix Aij2j 

JjJ al: .JclLJI (Solar receiver) JjSLuiJI <aJa^l ^IjlVl 

oijli dlLajJax j a ■ aJJ 4 alia a (jjjl^la al laAuil j (_J j' alt (_jj£lm all (_pLi. Acj_^all 

(Positive ajjUSM 4^>all J^A^VI cAi^a* J (Centrifugal) 
J t(Airchimedean screws) aja^jVi jlll J < displacement) 
o jfSI ^a jll ^l^a J**j .(Airlift devices) ^1 ^a jll JjLui j 

L-Sjjlall LJ^J 1 g uS (JfruUj fUfLtjl^-ba f-l ja.1 ^jlc- (_£jiaj V CS^-S '■^^ 
(jaall A\\nt\ A ml ma £^ jl j-a t _ s lc (_£ jlaj ^^lll dll ajjU'U 4-a£}La ^yej 44_ai*-all 

.(Shear sensitive) 

jj^J (jl ■ _ '7- j ^'j' tall J;°"'""^l 4_a. _jl jl L_l jjjl ^ £jLall jL jui jj 
jya L£LaJI 4£ja. jlja'ml ^^Ifc JeLaJ L_sl£ J£.uU (Turbulent) Ijjkan 

. jlj-laJI (j-a IjjS j&I jj£j (^jII jSLaVI (Jl «■ jjJall jc S^Jajll aIiaxII f.1 ja.VI 
I ■ lllalj t\jJa,aj . L£il^JI i—ibaiJJ ^-l<u] 4il£ p.LajVI <_1^ (^ AcjuJI jj£j (jl t_ia.jJJ 
jl LaJ .4\jjlj/jLa 0.5 ~~ 0.3 jJJ <L£jjauill ^JJjljl (JS AjJaaJI Acjuill jj£j jl 
ojUj AjLaE. jli i(jjwui]l AjJH <1liiU<i Ajjlij ^jlc ialiaJI 4j*La. lilLiA 

iLa _jaC. .0jla2 S^Llj .Sja-aJ aJJ jl j^-aJ V u'j' ^ (J.''"'"'"^ S- 1 J^' (e^ apLk-aVI 
<1&1I 4iUi£ ^^ic. ?. jj^all jlij ialauj tajai 6 ^^Ic- t_l JfjVI jiais Aljj V jl ' . laJ 
(j al i aJ "I (j^ajL-aa. ^gJc-j tCjlijj^all J _aa. j ^^Jc-J tlj!>LiJI (J£joj ^^Ic j iAjjJaJI 

.b^UJI j> JUJI ^6 j jll jll 

Bioreactor design features & J^^»^ AaAjA^aill cjLiual) 3.7 

<Lale dllaj^aj Jjjj jl ■ ■ laJ Ajli t [JxaUjaLalt JclLall (JSjuJ jc ^}lajll (_paju 
(_paja. J jjj .8.7 cJ^^l^ A a ' •** J- 0 4.1i.lUJ^}1I dllL ^-^1 oAA (ja I ■ bjc J jl .4 m a 
i(pH) t glla.jJ ij^ II ^3^)11 ' "'I ■ miaJ al AjjjLa. iilia j Ljjjll 4ja.La.j oialjj (Jc-lLall 
Jj^aill tSlliS jiajl) Lij^ CjlAkLaS K_lllall jjauai^fl jj£ jj j tojIjaJI 4ja. jjj 
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(Retractable) ■ /■^■H ^Lli till ^lo -I vi*.,„l La .(jJiUJI J. 

(illiS (VeSSel) elcjll J j jjj .jJ-aaJSJt 4jLa& *tlil LjJ \*'-"l (j^! 
.llj-allj 1 (tc%? J J ^ SI f^jSI CS^- - '*J^,!"'^) a-lclallj AiLiaV Cll^ J * ft J±l 

(Jja sjIc. dt^j>^i jjll ei& .(Inoculation) ^jSJjJI aAm! j tl j&jB AjuLJI 

\)i n^jl L&-° till jlill (j-a BJJC-j ?I_^JI Lai . (Jc.LLa]l f.lc-j (JjLuJI (_g jIulo 

(Jvla. (j-a ' al i aJ Igjli (u'J?' JJ^M^I f^^l CS^" Ljjj-aVlj '(j_WJ^I 

cijblAuu tiilaliiJI l-uj aa jjjj LaS t^lcjll sjcla t_jjS ^Sj (Sparger) 
Jl ^tiaj t^j^q'i J&YI (Double seals) A^j-ij^l cjblAuall 

CjIjIAuiII (jc » LItJIui'V I (j^aJ a ijlajj oJjLj jl -i i I " ll SoS a -I jaOjml j aja uS AjlaC 
^ttjoU 1 1 nil J J-la. I ij tUjquiajj a JafljC CjlSlii. JUuM . nl 4JL=>. J Aa. jJ! j-all 

-°- "II «-lj£-5! (j-a ^a±uia jj^ aJ Jl ^-llajj AjjIjA jj^'H dlLjlaC. a (jl . lillij 

7- " LaA^lS (jj^Jj pljSj S-^LLlj *■! "■' '^L" Ajji J aa ail jli AjIcj 

ajUJI oi^J - i^lmj La Ulli. j . jli-JLi 1 g ajSau jSxj (Gas filters) jLi CiLajij^j 
(Hydrophobic membrane catridge e-Lall a jl£JI ^_»iJI ajjLIc. CjUui^a 

Ifr^aa^a ( jJLy Jill J}jta.l]l All jV Lmu .nn llllaJaj^t (y> p jill lift (jjfL .filter) 
^-IjjVI jl dlljjfuiil (jli I^-JJ . jilaj jSLLa 0.1 jl IjiajjfLlLa 0.45 

La Lille. .£ jUJI j Ji.U f.1 j^SI (>a Jljiu: cSji-Vl Ajj^all cjLul£]l j (Spores) 
tjl jjll Je ajj ^ji (Cartridges) J^j^ j^- Jc jUJI c5jL>a 

A^Jdj (JjSjjj liA .jLjj]! ^joij^ill AjLaa. Jc JjVI "Lui _ala^)iJI (_L«J ' lua 

A^Lvaj^ll J j^ll -I ■ "I t_ia.jii LjJc »jUj,„u t(Foam) z jc-j (j^Slj "Slw-^ 
.(Mechanical foam breaker) Sjcjll CjU'ja-aj Sjc.j13 sjLiaJI 

AjjLvajSlI jIjaII J J^-J UJ% La^jc l&Aa.j AjSjjl£j^3l 'ijC.^)ll CjU^a-a - laHuij 
(JLjI i— iLjlaC. ^a (_pajLuj jlj^ll a^A I il jl 4<J jJia JJC. 'ajC-jll a^Lwa ail 

J tAjJic-Vl Aia^l jj Ji-oall CjLLat Jla (Downstream processes) lSj^I 

Ac-jj-uII JLJI ^J'l^J"^ a JC.J^\ Ijj^c, L-lli ■ °.'l*"' i-JaJ .Lil JC. jjLa JJ^II 

. Aa.jJ 
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^c. jil ^jicj .(kpa) JlluLjl£ 412-377 jjj rjl jjj cjill 1m > ^1 1 j* £jajui* 

(JclLall (jiaja. jl 121 C ^^Ic- o-lle Ajjj V ojlja. 4_a.J.i jl j*a 

. 150 — 180 C (jjj ^jIjjj t^-lc-l < — 1 ^>j- 2 J s^^c- j» * ' ^ j 

Ajli VJj J-al£ll ^ I jail J-aaJ (^Ic IjjlS jj£j I : " Ua J J^ajaJI 

J^iLull j^ajallj ^ i DJ La (JLastiuil Jila. jx lilli j 4^1*11 jai ■ .all V >i Ajl aa J 

5-aa ^ ^ill (Rupture disc) 

j^ajall liA xi» aJ _a±aJI (JclLall 
tlyaljill SjLa j« jailall 

(jjSj V <jV sir. (Graphite) 

jl jjJ j-a Sjj* ■ a Lljaj jl l2_aiui 

,_pji.l Cjljaa lilliA .LuUp -^-^"'j 

«.lt _jll AjjjiI jll all J-« 

JaLuijVI AiL^aV i"»U".i JLo 
(Jla.jY lilliS j tillLpi-aSI j AjCjjll 

Jla) (Sensors) Cil .mm.* J 

(J%) (_s ji.VI o j^a-Vlj (ajc. jll 




j^LjLs 



fUla.1^11 CjL jfLall jx jS-a-« J-lC (JSI c _ 5 lc (JclLall jia ja. (_£jja_l jl 
(JclLall aJtojllj I ailajilll *ljaJ ^1 AaAaJI jLuc-VI jJ*J — "'^ <j' ' . '?JJ 

jfLaJ "ill CjLll£xll j L_ljJaJI ja hlla. _jaJI jj^J jl I -la-j .4_jl5La ^3 J*J 



"ill tCjIjaall j '-— > ; -j-" — * oLuj^/l jl La£ -U^JS A aaJJ jl 4 a] ■ all jlj^illj (JjIjj-uII 

.Ias. L<^_o jj£j (Gasket) cjjSjl£ll aj^U.1 Jl« 'AjjjIj j^jj ^3 
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LiLaJ uj^Jj " 4 \ • " A ' a dAila. dilj di! ji5 ^1 'i-Vi i nl J i tai; 

^LaJJI AjLaC. al JaOjml tiillj jS-al La J ' J i <ajj La£ . LjuiLuil dlljjall sift (JiLa a l iV'u nl 

^-laa. (J^J JLaC-l / J -i^J^ (j^i VdJ 
^la, .4j 4_Iaii^all i_njL)Vlj tjJP"^ cs^ J^' Mj^?^' ^J"?^ <Lal£!l <LaJ jVL) 
I . llaJ <-ac.Lj Cjl$.liajl SjUajj - a ■ oJ jl I . laJ ^ jjaJI JcLLaU ^^a.jlaJI ^iajaill 

.<ijjoi£-a A-UaJa till jj^)J .Jji-J 
U&A1I ^ aj tAj^alaJt dll ALlal! i_iLjf. ^ .Ailia-a JK iViLi jaJI I al«J 
(j^s AjlLa. AjaXa-j i_ aLJI £ya (jj£-a (J jlxJ i—S^LiJI la»J . (_^a_jaJI ! " lli i .-il (_>uiij 
■Jjjj .8.7 (JSjoJL) £CjJaj^i jA La£ j < jail a (jS^J (J-olSllj AJala-a j^ill -lljjKil 

i—iijljVi jl t_£>lij| ( _ f lc ^-fj lJ^°' c^^ 3 JDLi Cy <^Ltll 1 ■ ik * a 'M- 4 ^ ' si^Ajtjl 

Ax-li^a all a.:La]l l^all JjUII jjc. jV jill SjLa ji«J .Aj 2 Ljjjxll 

S^lc. JtlLall (_paja. ^ii aJ i'iI ajiU"\l 4jJljJ] 4_i jj^JI Cj^lc-lLa]! 

p jj (j* iV jail J-a*2uiJ (jja. '316 L p jj I li all (JjlSlt JJC- S)l jil! 'i-lLa 

c jkuJIj JjUII ^ Jal jAj t (304 L J) 304 

L 1 " " a J J <_£jlaj .£jLal! JAaaall Jojjij £a jjjjlxa (J ■ ojI IgJ (_>"J (_Jja.VI 
iujS jJj^J (>a JUL La-a <jjJj£ %0.03 t> J9 l- 1 ^ (Jjlail JJC iV jiU 

Jasll AJLaja.1 ^ tSSliS JILj i^Laill ajLc «s.\jat (Chromium Carbide) <> jjSSI 

Jjij (j! L-tekJ <jla.t^Jt «il ja.Vt ^Sl J-a Ajaiillj Lai .Ua.V alaJll Aiiaia 

Specific design consideration ^uali AaAtAuai cj jLjcI 4.7 

i^La^l t (2.7 S jaill J^V) Jc-ti-Ji ^-^1 JSJai 

J jA^aJU Ajc.j1\ Aic. ' JllLall (Jjlui .AjjIIiaII jj^aaall AjLaC dll AlaLa 4ij3«-a 

(jla <S jjaila Ac jj* <^l_j* j^?-* (jJ^J ' ^£ ^^ic. 

^gjlj^JI 2^jll ClL>lelLaj dlclaall oiaC-l Cl!>l&lLa (j^ajiH li^J AjjluUaII 

iajjijll (jLljjai (j^ajL-aa. J!La ^ji.1 J-al j£ (illiA aJ .JaS3 Ai jaa-a]l (jjal _aa.VI J 
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^ <-U»j J& j y& j j jill Lu^V j '(Rheology) *jL»1I j jll 

(OD) (jJauoiaVl CjLllIaiaj t^jjJajVl SjljaJ j-tjj) jA*-a j (Shear) J-aSlI 

I jjj L-mlLu <_>ol j*JI oi& JS ej±i a3 AjjI jAV CjI jj3 Jc. LiLiJI *Libtii J 

1 1 . ij\U^\l J£ji]| jliliJ AxJ . L_ IjUxaSI jtiaJI (JclLall Ajc ju jLniJj ^JAaJ ,j 

IiiBij (Ajj£j!l ■ 111 ilialdj (jiiJI ejJS JJL=lJ f-l^)^.) I ; laJ 

.(i>Uill L^iJI JxX) u^Vl Jl <^UI Cl^UkL. jjiJSl -1 

jlj^al] Jjuia (jjdjLaJ Je Jj. ^- (jS-aJ ■ - Ua j Sala SI a .La -IjOSJ plijtil — 2 

.^juaJI JcUaII t_uljll j;?- ui^Vlj AjjIiiSI 
Je AjjJiJI <ll£]l Jfc Jaliiil liL^a^ll (j-a <-_al£ (_J jjli.ua Jc J j-^W — 3 
(_pajVI ClLLaE. ,jC. a^J jia]l ojl^pJI <ll jV-5 £jLa]l (c* L^*-" cJ^-" 1 
l-LpJi tdjJ^jJI (jj^J ^ U' CS^" O^J '(1-4.7 U-aiJ! J^ajl) c3>aaJlj 

jliaJU jlj^JaVI JJ Jill 4a.J.Ll] 

(j±a-uiSV! (^ic (C JJ^JI Jc-U-all AjLILo Jla (Jxl jail JJ-laj jl 

I ■ iSjaJJ tajlj>aJI J^a alaJilt AaLISj l ( j^aall .Lj-a. CllV-Lr-aj ( jala SI 0.1a .li-Lajj 
Li* (jiaUlaij .AjjJiJI CxXc ILaSI (j-o ^ilia all ^lj£}lS 2 alia a i_jj1LuiI ^Liil 

(jj-a^-a tjjS.nl T^i Jala (_)^aall .Lj-a. dsV-Lr-a JJ^SJ J 0jl_)aJI (j-a alaull ^ jj^a j^s 
.jj-aljll (Ji-aaJI J (j*^ 'J ■ (jjajjoSVI Jlilil Lai aj a i talSI 

Heat transfer tf JjaJ! JIM 1.4.7 

15-3 (jJJ o^lc- ojij-oi-all ^Jl'_>a]^ -iSjJj •ojljta. ^SjJ dlljpai-all ^J«-^ 

j-aj Aic L-aju^ai. tLlllc Sjl^aJI ^tljj (jj^JJ 'Sj)lj)aJI ^H^j /"^f/^ 

i jva J laluil j i^iljall (JIjlSI J^ailSI ClVla. *Lul 4^^^ AjjaaJI <JuSJI 

JuSjJ J^3«-a (jl .AjSjI ^ljva£ tJjatiLaSlj CjLjjJ^SjjJj^SI J!la ijjjUj^ll <Sjii-a 

til^lglujl J^a-a %12 ja. Lw3j jA kj/m /s — J Llj-ja-a ; LuiajVI SjljaJI 

3 * # 

J sj j=J j> (j^kjJI AjLa& £lj^>j j .mmol/m /s — j <jc I Jj«-» jja^VI 

5 kw/m <>a ejl jaJI All jo J^a-a <— IjlSI LaK 4jjju^a jjSI SjJjSJI (j^al jaVI 

5 Jlja. ^JLJI u^Vl ^a-l Ja«^ JjUy La jAj t (5 kj/m 3 /s ^) 
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4lp^1 cP 'V^Vl sJjaJI JJ Ait-bj .(43 mmol/mVs^i) kg/m 3 /h 
aIU .15 kj/m 3 /s J^j & Uj*- 5^ cs^jj 1 ' -^jll ^1 
A^iij AaLLJI £4*^ jli t(Air driven) *l j$11j «H*juL>1I cjlj^a all 

j^a alt -iJJJJ ' ; la^j Ajlc-J (J^" i^ 6 - Is^V JAjjj t-jjjoi jlxll JLa«iuiV 

.Afijj^illj I JJJ-ia ■ ; ''^* (jl (j^-aJ j^ill Sjl^aJI ^lijjl ^ial 

/gl^ll JlaliVI L>ylj LSj'^ 5 "^ cJaiil (jli < j-la^lll 4-lLaC. aaja ojljjjj 
^.Liiall lilljj tAjjJsJI tl^leliall 11a all JJjJI aJjoi jjr ■ 1 

^^Ic. a J^-J' all J all -7- " o^Li^J (J£j Aa^iill AaAjxll AjaJauil! 

4-ia.jLaJI 4ilcVI cDLa. (j-o Jj^jiillj (jjauoull CjLlLaC 4_LjJ jj ejl^aJI 
AjjUj j^.1 ja. 4iLjal 4 It jjJi JSI A^j^Jj tUUa.1 ■ . lHadJ .(Coils) dbjla-allj 
jj3jj (J^V J"* 1 ' all (_pa_j^. J^lj ,j CjV jIia jl c jLjj 4-iJjljl jl t(jlj.laJ! 



ti>*JI (1//Jo> 



5 Jj^\ Jiu 




0 JJmU 



(1//J,) 



Jl>^ lit jt.l»i 



^ ^j^alaall Jax-o .(9.7 (JSjjoII ^>lajl) -^^f^ <j3^° j' l — J -^Jf^l 
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J^j j^JjaJ J^UiB ^UlU (AH) 2^ U...H ^UL^I Jc. (Q H ) Sj! jaJ! 

"(jj-^ ^•^J '(AT) ojl^>ail <— S^J^I iajtujILa 

Q H = U H A H AT 1.7 

(J-abtxs ^^Ic. (J-alat-o .lAi*J .^^1^1 L$jl^>^ lJ^' <J-al*-a TJf{ (JlLaJ clua. 

jl a jail '(J^- 0 ) ■ i ^J' v "'^ LSJ^J\ (j,iLlj1i,ft3l (J^aa J jl (jLljjaJI — 

. (^cJj . . . jliJ! (jL) jjjo (J J*-a 

j|jC.| (J£ju> i _ s Jc. (^jl^^-M <_l^l ^ Jjjj ^^ill 0^JA*]I till JjliLla]! ^-aJkJ (j£-aJ 

Jj^-uu AiJa (Dimentionless numbers) jUjVI 3-ajj& 

:Aj]Ij]| j^A (liLjial! tjla) Jjlial! £jLa]l AjSj alip j 

total heat transfer h G d 

Nu (Nusselt number) — : — ■ — — - — 9 7 

conductive heat transfer kr 

momentum diffusivity CL/xi o - 

Pr Prandtl number) = = 3 . 7 

JjjAjIjj ^JC thermal diffusmty K r 

inertial force PiU^d 

Re (Reynolds number) = = A n 

ji^SajAte viscous force /a l 

gravitation force d 3 piR 

Gr(Grashof number = = — 

cijJuljfr viscous force AT/J/xj; 5.7 

•jll AillLJI Jxl jxll AjIaAVI tjUuVl ^ala-all o^A J$JaS .(jUkJI 
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jjiUI j& (Nusselt number) cAiAj A_ajJ Lij^kj .aIu^ <SU J Jjjj 

jjj Lai .1»S3 (_L-a jjlLl Cliaijl Jill lillj (jCj 'J^' LSj'j^' Jiill Ajfuiill 

i dAi!>Lii.Vl ^ L>jU (jUjjjJI Ljji Jill diVlaJI J j=^-a j$i <-j jjil jc 
A^ljii li$lj) jaJI £ J- 5 -^' <Jajail jj Ci^l jj Igjuiij (jj^j ^3 Jill cAil!i£ll 
J ^LaJI i 'iir-ij J j^ljjjj ^^iioij . (i_s_a*il jc J ATB 

(Fouling Aims) cjliuijill AjJicVl A_a jlla i - ^ aj Jll CjY-iU-all <jj 

.lljiill (JjIjjjj Aj.uiT.Ij (' 111 ma SI Jcj ^ ll ■ oil jljlaJI Jc ' . ' ' " ji" (^Luijl) 
jj >'q**i \ Ajjjiliall iJlila^laJI ■ >l ■ r^l Sj2jJ-all 1— iLjLaxll AjoijjA I ■ uS J 4 ^ , >i .jj-i, , „"<\1 j 

jJI J ^jLJI ajJcV (h 0 ) (Heat transfer coefficient) c? J j 3 ^ J^U-a 

.1.7 J J.I5JI (J 5.^- AjjJaJI Cj^lclLall „t| JlLiVl (j £jLall (e^jjJI 

^ aAa-LuuJI A3 all (_pal ja5U <Jo J jiaJI J <axa jaII ClliiUll jl ia.V 
CjIsMjiII jrtiaJj .(Tip Speed) AiliiJI t_aja Ac jui A l-i ml jj Aijxxll j jl jjj j ^SjS 
^jljaJI Jjiuajjll AjLli Aijx* ttllVLaJI O- 3 *^ J '1-7 Jj-^aJ J Aa.j.lall 

(Jaill (_J*lx*a A_*u2 jj-aia] f^g^-JJ^ Jaj-ujll (Cp) A-uai aa^Lall AjjIjsJI Ajtuillj (ky) 
J lg-aj3 ja (J^ljjtil siA ^aji aJjLuiII Ajcjjll JaLoi jVI - a Jj 'LSJ^J^ 

I^a c-Ljoiil (_JjljaJI (Jaill (JxL«-a jljjj Laj-aC j . «.Lall 

■ ■ ll Jaj <aVI ojljj — 

. jljjjaill jjjoa ojLjj — 

. (jjiiJ! oj3 — 

l£-a (J-alst-aJI A-aj3 j aSl nj (jja. 

>( *jLa]l ^^C j jll iajui _j]l Aj^ jjl »^Lj — 

(jjjia jC jLuutil ^Cjl JiJI (J-ala-a J ^jJ^JI JclLJI A.i,n,llft JJjJ 

(JjLuJI JJji J^J«-a J!i-a (_J ji.VI Ajjlxlall juJjlLall jl 1 ■ )l jlaj aVI A^jJ J JJJ^I 
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.i<a*j V ^LjmlSI (jla Cilelaall 'o.iac.1 <-fl Lai j$ll <j^l J^' t5^ 

Siaftl <J iillj£j .0.1 111 Jlja. (jJc Jjjj J ja*1I jJaS La J _o-a*]l jiaS j^Jc 

ojLjj ho 3-«ja i^jjj t jUJI ^JLiJI ^jLJI ^lajjL jjLu V ho <-oj5 n-slclaall 

.Lujaj 0.1 m/s .la. iaSS j£l j i^lkl.lll a jail jl Ajaixuill jlill <cj*m 

(_J jl ja. (J-aU-a ^tlJJ ^ jii-all ^ya] ja.VI J dlclaall oA^C-l (jla lilli ^^Ic S j!)lc. 

.<UjLa!La A i ,-n ^-iV'^ <liJ.l a j3 -1 lalul 5JLs. A^jLuolLa 
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.<Uj1S £ _j1 j$1I £-ijll LlL^lc-lLa J (_£jljaJ JiLill jC 'ajijlall CjLajLtAll jl 
Jj.laJI) Cllcliall a.lac.1 £-a ^1-iaJiuL/U Cljjla ( _pll CjY-iU-all -I iklmt (j^-aj (j£lj 
jj£j La^jt yjljg-ll £3jll (_>ialja-l (J h 0 fjsl JJ-^J Jc Jj. <aaJl tSlljj (1.7 
(J^Lt^l! 4-aj3 (jjSj jl j^-*J 'LS.J 3 *' l — * JJ^ 3 ' -^l^ jLiaJ! £jLall JJji CllV-la-a 
a.laC.1 Cliltlix AjIc jA Lw jJJJ-a j* J^L t^ 1 -' t^J$-^ CjilclLs ^3 

Jsill <J-aL*-a jli tO.0 1 5 m/s (^ic jLjjjJI Xcj^ Jjjp V La.lj& j .Olcllall 

(Jjljxull <Uls. J 4jl Lait .£jLall Acjui ^^Ic- J;Jj£ (J£j.aj -i-a!ixJ ^jLuitJI (_£jljaj| 

La£j 4£jLall Atju sjLjjj jljjj hO <LajS jli <ulUl! CjIx-jjJI dili 
h„ a U L 1/4 [0.015 ^ U L (m s _1 ) ^ 0.139] 

jljjjaill (_£jljaJI (Jajll jC CjLajl*-all j-a "ejJJ^ CllLvaS jSjJJ 

(jjuiaj j£aj Lajjj .(Vertical two - phases flow) jjUI ^JLu 

(j^ajL^ai. (jj^j ij' -^J^ i^ c - i^JG^ £^J^ £j5lfi-lL« Jc CllLajla-all oAA (_>a*J 

<ELala (jjjjiai] Appall die. jjuJI j (Gas hold — up) jlill j^. 4jUS j ^jLall 

ClsLjiaall UiluLlLa (jj . Jjlall ^lli <_£.Sjax1I jbjuill j ^j] ^ijll JclLa J 

<_ajjlall Jc. l.lLaJC.1 (_£jljaJI (Jfljll j<a (Jl£j jl .lijj 4_Jj-£ill .sIjaII (JLo ^^A 
^gjll jjAaJill dlLLaC. J] 4jjaulLl Lai .^Ij^ll (Jfrli-a J <LjfLlajj| ijj Ilfrll 

jjj£j 4jjljaJI a J^-J' all (_J-aaJ t5 -lc- AjLlall jli jjLtiJI jl LljilLllI 1$J3 <J-a*Jjuij 
a jUj i nl\ lilli jxi .lull LaLlaj I ■ lllaJJ 4_ij| jJaJI Li^LaJI jl j-a Laiu tl^a. 'aJj-l^a 

l£Lkll A jj .(37°C ± 0.2°C) ^L>j^ L£Lkll £ jji «Wij-2 .sj j^l Jc. 

4iLial .lilliS <Ui (jiaJI (jC- 6^3 jlall 6jl jaJI jj£j La£ ojl jail (jxi Mjli Aj-»U5I 
JSilt <l_agjoi (e^S ^jLail (^jjll Jajoi jli 'LujSJ (»l J^' jji (liilj 

iil^)ii3lj jij'- i lilll ^iaui jyj 'ajl^aJI A^jAj (_3_>a3l (jl Laic tLjluU (^jlj^-ll 
jj' all L!)LiJI ClbJaj*J Vjj I JJT t r-i (jl ' ; laJ ^jLall ^^C-jjll iajoi _all j 

Shear effect in culture *<s- j>ll j^ 13 2.4.7 

L5^P-'^' AjSj^aljl 11 jj-li^ll (_J jail jl LaS ij^aall (J^at-aJ (^ltJJ (J-aflll J^a. jl 
(F10CS) Ja jji. J j Ll^UJI J I jl ysA (jaJj jl (j£aJ iC jjaJI Jcliall ^i 
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^j^j (JclLall aj — j jUj&VI jj*j j .(Nematodes) 

^ill jj^l j) .^jUJI ^a^a^JI cjl^jjoill (Spatial variation) 

jl .JjUJI (j- 3 ^' J" 1 *- 0 j'-^aj LjLla.1 -Saijjj liljalalt £jL«Jt l£UJlj (jaJj 
j£-oJ V AjjJaJI ClL>lc.lLa]l aJa« a ,j Lnj-uj ^ „'J^~" '•** "I '"^\.V^ <_i (J - * 33 ^ (J-^*- 0 
<_siliklj ' ^_^sak5i iJAxja jli ttSljj ^gJc. ojvlc mj "LuAjS jl oAi^aJ 

jl t(j^aall (Jjx<9 JaxajlLo ' °J ■ ajji CjV jla-a Cij^aJ Jalj . (_pa_aaJI ^ £A^al_j<a]l 
c_a^*J .AjjJaJI C^lclLall j« Ajlia a3l ^1 jj^l ^2 ^ i aijfyl j ^ J.l*-o 

r = H/J (7-7) 



2 alia " dlla i a j£3j tCiVlaJI aJoa « ^ 1.0 LjjLuwi a (J-ol*JI j_£i 

(7-7) c^LLj .£fl ...m/ 5000 j 2800 j 1000 JL. K _S 

<tal»-a]l jl j ~ ■ - jjc -I v^',„yi I1a jl Lal& t<s^ J*l*£ (Riser zone) 

jA»-a ^13 (8.7) J (7.7) Jla Cj^ijoall jli ik <Uj2 Ls lc bLaJ&l 

4iUi£ jlii&VI jj*J ia.ti V CiV^UxJI jli iiilli (^Je o j^le -'j^ 4ilia-o (_>£»3 
.(j^aall <_)a*-o ^ jljJj^J j^ -0 ^-*^ lW^* .£jl«all ^.j^j 

A\Ajus1\ La£ (4i jiaJI '"'^ ail (_><aa!l JaxujILa ( ■ ll i ita j^-aJ 

iaJIUI 

\3n + l/ 
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J 1050 —3 ajjL^ j jjUU (Flow index) (jbjJ <_W** n 

I^^^A <UaO_a/u]l k; (j) I SI _ji?-SI J _*Sa aj c-Lall (J!La Ajjjjjjjll (JjIjj-uSI 

.O^SjuJI ^gjulliul (_><ajall CllLnjjjj] 13-11 

(lASlfcJ! 13-10 
.j^ljjj tCjUil^lS 10-0 

.J jjlaJI -SaJJjiSI dll j Cj\HiaJ3 LujSJ 30 

;i-ya. (t) oaSlI lW& J) o^' J- 1 ** <-U>*j 

f = m io.7 

xjLaSI J I ■ ll JJaj aVI Ijl Lu3 4i^>»-a] (JjaJ ^ijja J ^"u„l (j^aJ 

4jjlLa J] 4AjJall o^A . (jjlx-aSI cSj^-^ jUaJl ■ ■ IfmJ (jl (j£-aJ 

ciiLal (Length scale) J jUI (jAjLa £-a jj^JI jUaJI Ja jji. jl AjlaJI jLuI 

.(Fluid eddies) ^Ull 

JAii J.l*-a Jt (Fluid eddies) £jLaSI CjLal jj] (1) J jlall .kui jla ,laJ*J 

: jli li$j i (J jJaJ JcliaJI J £jLall <Sj£ 6.1*. jl AjUall 

(\ 3/4 
fi) £-1/4 11.7 

E (jjj £jLa5l CllLal jj <J £jU3l Jl Aikl^ll ASUaSI ^^aa. ttllVLaJI ^Jaa-a J 
4iLk3l JlaJ J^x-a L-lLiia. J 4 a laJ ■ a all (J jlall jj .AaUall JLki J^x-a /fl jLuJ 
<LL«-al! JaxIoU .1.7 jLWifl <J A^jJa AjJJaJI Cllilcllail ^UjoUJjII ^1 jjVI J 

(Isotropically j-al jaJI o^^a (-iljkjJaVI dili JjI _jjuJI J (11.7) 
a^jUII aJj^I cjLal jjJI 4js jjSj ^ill *jLaJI J t turbulent fluid) 

CllLalj-llI ^aw*J 4jjtLa j!i£l jl oj-a i_sll jj£l I . >l jU, j a jJ j,a]| CjLJVI 
J lalml J 4jjg^-all dlLajl^ll -^^ I ■ bjiaj .AiUall JAij ^yn AajLill JJfl a all 
J^aj*! LljtLa <JjVI CjLal j^SJ J jlall ji-lia jjfL La Llllc. .(11.7) <hl*-all 
ClivlcUia Jl ^luulLl Lai .Aijii-aSI L ya\ jaoM J JjliaJI jlaS jl JjliaJl SjLi 
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bjlLs (jj^J Aj] jVI dlLat _jAU J jlall (_jjj\_lLa jli 4^1 j^JI Cll&liill e-lael 

.jlill jjili je ojjL^ill <claal! jia3 jl (.leL^iil U_jjjV! jl) .i>a*]l jiaal 
I . all J_jia]| j^i JJJ^J J» ' si\ ^jJaJI jliaJI '"'I aa jlaul C±jl£ Ijl iLaj^C. 

a U,„lji jj^a^aJI JaJj d Ul , iijjj Jq'iV'i.,. ■ -Ajja il oi& (jli t Aj^ja alt CllLajl^l] (1) 
jx> jj£I CslinaJI ^a a jl£ lij Lai Aoa-la^a t£j3 AjLaj V i— a jjj j £jLa]l A-aljJ 
oAsfc j£j ^1 Ijjj ' 1 g a _aiaj a ^ic 1 jL r-il q"l I laa i a A j aAul Lj-jli A-alj.ll] J jjall ^LiLa 
.Aajlill (_J jS3l JJJUJ -I— v" j| j£^aj Ljjli <jil£ll Aa.j.l]lj Ajj3 CjlinaJI 
deli-all <J (j jaj jAl jia t*ll\A jl V] i£jlall ^3 t-il jk. JaV I ^ a J^£. 
jjj dlLajL talll jlall oAA j-a*Ja j)-a .Ijljj-ial ' ■ lfmJ jl j£-aJ (_£ jJaJI 

(_£j3 £-a <il]j£ j ijjliail £-aj (_5^>^VI AjSLJI ^- jJajoilt j i jl J.laJI £-a J 1 "'^ a ^ 
^LoAjLi Vll/u <_Sja.l ^oljiaj 4£jLall ^Jajoi .lie Cjlelaall jlaijb Aiaii^all <_>aa]l 

<J.lx-a CjIjjjIj JjIsj j£-«J . jjiU .lie dilelaall jjj£jj ClileLaAll alaajj 
lie. dllelaall jlaijl j-a Aajlill tillij 'a-lcL-iill Cjlellall J ja. r- jiajaill jjj <_>aa]l 
(Non-ionic Aaj jjI jje ^-vU,„ti <ULo J-al j£ AiLial (JJjia je ^kmll 

l£UJI (jL^jjll JJaj ^^Je oIa Ja«j .(jfcjjil -kuijll surfactant) 

jyj (j-aSJI ftjAUa Lg j\jLlxii Jaaa UvLail j-a !iLlla jli (liiJjjj t tlllclaallj Alii jJaJI 

.£jLall ^Jajoi lie jLaiiV J ^ _aiajjJI 

Lj^LaiJ (Microcarriers) ajj^JI c^laLJI ^Jj* ^l^aiujl 

lA_)iai ^Ajj lla. o jjt * <~i iJ^kZi (_J£j^lU Ajj^>£ dLyLala. (jAJtLuJ tAjjljJaJI 

U!AaJl jLolSI jLiuV c^jj^' (j Aila-a CllXalaJ! si* .200(im 

jj£j jl j^JI j« ^jj^ '^A A a laHubaSI L_ij^}]a]l C±aj .Ig-a. jlxui ^^le 

Jjliill oAA ^aa jj£j Laji ilia. ^jLaSI Ja.b (jjlS^ll -I llx. al JLala.1 

tiillj] .dl!>LalaJI ^a a ^1 A g jl uS a jl t jt > ^il **JJ^ a all Cj^LaLaJI ^j'j-a A aJaj) 
Ij^LaJI jj£jj lift .jjju^all 1^1 ■ . ifuiJ I . >l jU. V.I ^JJ Ai^jLall Li^LaJI (_pa^>aJJ 

o Jj »J ^ a cAA*^' * AjjljjaJI 

.^Ul 
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AjjjaJI Cattail &\M Ja.J 1.7 jUaVI 

E = gU G 

(gravitational acceleration) ^Jaliiill £• jL^ill g J ^ 

„ _ gU Gr 

I + (A d /A r ) 

.Jl jjll Jc. IcLJj (Jjlill 4jiJa__)jill ^JaLall LllLaLoui Q^Lal Aj, J Aj (jl <^-l 

(Luminar flow) ^ISjII chj^A (1) 

(jjliaJ] jll jilj ^kj (Jaj Lalic. j'^ all dlljl jaJI J ^ajli ail jl JjISjJI (jlj^jjJI (jjSj 

.10 & (Re,) 

:5±sU^]l (> (ReO 

Kc, _ SLS^L 
Ml 

: Jj liaj tjliall jll jilj jjj Jc. (Jjlijll u^>-^ J (Po) (jliiJI f^J -1"*J 

Po = cRef 1 

jl i(ojiiill ^^jJ-Lj (j^ajall jjjjjjll 5JLa. J) (c ~ 100) Jl ja. idulilll i_aj5 ^jjaj iLija 

(P/Pl » (power input) Jij J lu .(j^U 51a. J) 40 Jl ja. 

S^pi i . n — *\ j ja. jj (Jil ©jlx. ejiall (_Ja.j *ua ^jj£jj .oj^ill (Ja.j i— iL »ua.l (j^-gj tN^dj^) 

liJtjll aLUJI J ILLo: 4jj)., I ', J P J lalxjib (PG) JUJI 

Po — 0.7? ^U 1 J 

: JtillS E Jc J ji (jS^j jVI • LS -i>aJ 4jj$j1I J-l*-a Q JloJ liua. 

E _ _£s_ 

ci^Ull oLj-JI (2) 

Laijj ojlill tjj^Jj -Re; > 10^ La-iic Aijii-aSI ja.Vl J iL^alc. ^jU^ijJI (jjaj 

4 (jJi]]) 0.32 Po —J aiAjI! ^1 -(i^JI Aj^jua Jc. iojxj ja j (constant) tLlj 

ijliiil) 1.0 jl i(iIjljLi lIuJI ^j^ajall jjjjjjll) 6.3 j ^^jLij L-al 1-n all) 1.70 

-I laauib P c.1 j^JU AioU-oll jjc. Sj^all J^-^ ' . J 1 ua 1 o^-oJ (j '"^^ 1 djljijiill prOChem R 

jA LaS E j Pg cjL ala I ,jVl (j^oj .Sj^all ^Sjl <jjIj3I 4-ojall 
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.Ajj4^JI CjXaUJI L£UJJ ^j^l 
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Mass Transfer 

Henk J. Noorman cjU j^j dlA 
DSm Anti - Infectives, The Nether lands liilj* n i'Stit .f-o-.J 



Nomenclature 

(m ') j-SLall S-l^jJ cr^' gkuifl 4aL*4 a 

(jJU Jj| j Jt£) JftLiilJ ^1 f&aJ S.ia. j2 ^iyll jkuJl 4*1— a 

(m 1 ) 

(molm" 3 ) ^Uil jjJa jj£>JI c 

(molm" 3 ) UyfljU jiLJI i_uUJI jjSjjJI Q 

(mol m" 3 ) (P/H =) jjia ^ (ojl jfll-) £^S» J^j2 C* 

(kg m" 3 ) Ajj^aJI Uttll JjSjj Cx 

(m) £jL»J1 f Lie. tiLvuj d 

(m 2 S" 1 ) Sf jfcll ^UjLiUVI ji jLilttl ^Ixa D 

(m) (MjS JliaJ! >a D 

(bar m 3 mol" 1 ) eS J-alxa H 

(m) ^LJI J Hv 

(mol m" 2 s" 1 ) jUfl ^Lift jjft ^Ji^l\ Jfl^l J 

(mol m" 2 s" 1 ) jULSt f Lift jjc ^JijA ^SiSi Jfl-iJI Jg 
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(mol m" 2 s" 1 ) JjL« *L2ic. jjc ^JijA <jX&\ jjfl^l Ji 

(ms" 1 ) ^fiifl Ji^l J*bt4 k 

(ms" 1 ) JULB fLiiJ ^fiSfl Jfcfl J«lx* K g 

(ms" 1 ) ^UII f L&l ^U&l JiUI J^bw Ki 

(s" 1 ) ^ J^l K ia 

(ms" 1 ) flaA ^fiSfl Jia K 

(conisitency) pljM JjJj K 

S jifl jjj n 

(s" 1 ) sm ubjj N 

(mol m" 3 s" 1 ) (oja»«£!U Ja =) u^ay-M Jaj Jjju» OTR 

(Nm 2 = bar) JaxJaJI p 

(bar) (1 bar = ) ^ jA\ iaxJafl Po 

(bar) 5lua jU tf jtill uubJI Lguofl p i 

(bar) JilJll JUUI JaiJa P 

(bar) jrjUil jUil JaiJa P 

(W) *JaJjfl S jB P 
(W) JliU 4kJ *iihfl 8 p s 

(mol m" 3 s" 1 ) tifcl^L-VI Jjju> q 
(s) <>0» * 

(m) <jijaJ jlafl TV 

(m) 5iL*JI x 

(ms" 1 ) ^UaJa^l 4*^, Vg 

(m 3 ) ^aJI v 

(m 3 ) jULJi ^ Vg 

(m 3 ) jiU2l ^ V, 
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out 
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(S ') Jj*-a Jaujjla 

(kgm" 1 s" 1 ) ^LL^l A^jjil] P 
(kgm 1 s" 1 ) 4j*A>aJI M** 1 ^' ^jjW Ho 
(kgm' 3 ) ^UJI jjL 4iti£ pi 

(Reynolds) fSj ^ 

Mass transfer in bioreactors Ajj#aJ\ c£lcliaJI (j 1jSS\ JSUI 1.8 
Introduction 1.1.8 

gjljj (jjj^jl 4jjj»JI dilcliiill diLiLalc. ,j ajIjVI A jx3! lillgHjqij 

AjIjVI jljxll jl .CjLajjjYI J" Wla ojsa-a el AJajJ jj jl Ajjfra all CjUjI£]I 
(jjia. jjfijll J d ■ a " j j jSjJI (jla j_oJj£ll jjj^M ^yk AjaJ! dlLul^U 4j^jj^ull 

£ul Lai . jjajoiSYI (Jl1a J L\_JJp£WI 1 " PI 1 " "j tAjilaYI (_paLaa.Ylj LjjxYI (Jjx 
Ajjj^JI aJj£]I jx L^.jJu 44jjjJaxJI t~\\ £-ljj| ' aLa a (jjSj (jl (jS^jS 

jl ^^-ajjlSVI dlaLJI Jc I . la^j 4(Jlal Jcliij (Jjsua Jc J j i SI (J>V . jjjjill Aii.i£jl 

ji) uui ji ^jpVi aJjVI su (jxiiaJ (jl Ajauli ,-i"lll AjLaxJI (_yi Vlfl 
<_aJ jjl£ll j j»jjjVl jc Ia»j «3l ji5l 5JI jl (SjUti Ji( j JclioSI _^ 

.1.8 J^L 

i^^A jaxJI (Jj^ll (Jaill J^«-o (^11 ClI jiaaJI LLjI jj] 

JSjlt jl£ I jj LajS L_Sj*j <^J^ (Jc-I^j LLai O jlai 4 aJ3j I gJ aj3 Ajjlia 

Cj^lioll Je aall I1a ,J oLujVI JJ^JJ -"'J'" -V <»l AjLulSI el j J JijAui 

L£UJI (jjSa cAjLajjjVI AJJJ^JI CllV ja^ll CjLLc J Lai .5ial£ LiU. Jxuij ^1 
(_)jiaj (jj'^-"' (j^-aJ (j^J t/g^jl (Jsill dltjiaa (j<a (JSI (illiA JtilLlj 

. I g ilc. a '^1 q oi l 
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Mass transfer steps 

Effect of transfer limitations 



jiai a jiai 2.8 

jaa ob^a jjjb 1.2.8 



^jaJI JclioJI S jkk t> iLi (JiSlI Jill CjI jkk ^.iaJ |jj 

o^jc Igjc- jjxj ^^jll '^JJ^f all CAjjl^ll Ajj ajVI ClAjll*ill HaJLoi Igjli t4j,i.ia)jll 
(j£-aJ tiillil AjSJiij al all AjI jVI o-jLall (j-a Aj2 t_l j£. jaI! ^Lill (jJj^J ^ (Jl ji±ii£ 

C.M11I <J tilljiS j t^jLall <J <l>2h AikJI ^ CjI jiifcll jjc. jj 4Ji^>Li 

.4 jL i " )1 jl ^jjla. dll* a^J Ji.1.1 aSj^JI sJjLo 




,-,1 »j,„x1i j\ uyjJI 
4e ja»j yfc y3S 



jJU SjlaS ji Ajjli A£-li2 (> Ajjljft SjU J ^ESS JSJB Cit jJai AluAui :1.8 Jiifl 

ojUII (^jajujj J^uu jIuujVI Akuil jj) Jliul (1) :<LlaJI JilJ JelajJl ji jj jaj kiLa 5_uja. ji 
JSM (2) .Jjtall (^1*11 jjM <|j jkuJI ^ i-il*all J fciUfl ji l( |jttfl jjM <> AJjSfl 

,jjL»JI jjlaH 4i£Lu 4jJj.H. AiJa jjC- JjaJI jijJI J jLiliV) jJJ -kljjjVI <Lkuj| jj Sjlfr) 
jijl Akul Sift) Jiai (3) .iiluail ^ " J 2^LaJl » jjiaU J AjjUdl AfrtfaJL AJaj^a 
j: j< ^ » jiLi] J a 4ij2j AjJ j.Is, 4ljia jJLail jI jJiuaVI jl ^ jljaJI 

(jj J( " j't * si>^ (^j*-^ (JSLj ji 4_ujjl« AjjS ji LjljjLS **.'J."* jl Jji* 

JilL> jjc) JiU! (5) .SjlaJI jku. AjJj±»JI Aijjall aift jjfr (^jLiuVI) JiiJI (4) .CiLi3lSll 
Jil J (jjjui Ji>4 ^1 ufclfr jjC- diLujji <Lku) jj Jlii JSj ji/ j jLuuj^I <lkul jjj 

.(jj jSil«J jLuuil JiLj AjjSIaII ^jIjjJI :<Ua^^La iJeliUI ^jj AaliJt 
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(jj^Jj i^JjiajW i aifin AaJI (ja J3I Jcliji] jxstSt JAjlaJI (jj^J . 1 
. >\\\ jJo«i Aic. oASs ia^/lj . LAjILiaII j-o UaJ AjLaxJI 

j^JI Ljjj^JI jj jj£ jlaJI t> (Gluconic acid) 

3JaJ jj Ua Jclidll Ja*-J .Gluconobacter oxydans 

(jl IjAaAll Jalc. Axj lAjAaj .AjLall J_aiail j,'?- Ja*^> 

.(j^.^ViL ^j^j^II (jjl^ll I a* ^ 4 (Irreversible) 

lilljj S \;° all LMaJI Jj jUI jjflV AjLaC AjAaA jil JUa 

jA*-a Jjiij La USlfi. liA Ajia J2L1 Jib f ^ ^ jLiajVI aj 

jj ■ <_£^)il aJaj}? AlLal lilLiA jl Laic .^^gjta.j J£j.aJj ^^aj^utll ^IjjYl 
Jaj <uldC Aj Wi Jbu ^g3L^.j JJC. JSjujJ A-jla Si (_£ JJ^-^ ^J'' ""'^ ^-jLli 1^j2 
l-li <juiL n-> ' 111 A axil 1>AJ> jLn .((jjluiiill (AjljAaaJ J 

. JS1I JSill CjIja^ 
J-«j ' jj^-?^"^ <j-a jf^' 'JJ ""^ i^J*' 1 "*"' *Lul JcLaill c.laiil .2 
Jj lIiLijjj^IVI 4-^ jjj (jj^ji^VI i— iLjf- Jj .diljjjjSiU J«'a*,,iA< 
ai.ji£j) [ej^j J jj^yV! tlyj^j ^_La gjij La-a (Pyruvate) '"'j'jjj 1 . 1 ^ 
Bacillus subtilis Ljjj^j Ac gSSS . jjUiJI Ajjx jx Yaj ujjjSII 
Laiic. (2.3 butanediol) Jjj-^Ij jjj — 11 j (Acetoin) clyji^Vl SjI« six. 

1 ■ 'J^ Ji" Jc- JS-u'u (jjajUll 4_iuii Aalxj j j.la i aSYI (j^s fj^ 

(jjSj A2j ^><N gAmlj (jjiajaiSVI Jaj CaVAxx 4_iuii Jc JllSLlj 4L_llAa]l 

Transfer between phases Jjh^\ JiUI 2.2.8 

ojj&j (jj^j-uSVI ' . <all A9j .Lumj AJJJaJ Jlaijl ajiaa AjjIj^JI Ajjj^JI 

£Jjl Aa. lAjU JjAlfril Jla) AjjLall JJLa^all Jj^JJ (Jlll AjjIaSI CaI jlill 

(jla jA*-all (jjiaij (_pa_j«j ^1 bjj tLj£3LjAml p.Lul At^uA (ijjjj^ ciil jj 

^jLa ^jLa JjA^ ^lj-all Jaj AjLa& (jj jTJC^ jP^L ~J 1 u " j J^"' i - AllaJI 
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jA <illj J& JUla . JjLui — jlc. jjj (J&ll JSill Ajlaxl 3 * jl ■* a tt— lL-a J] £jLa jl 
CjI jjaS JSji ( _ s ic Jijjll JJ^' ^ •(- > Cg) AjfljJI ClljjJj£jjJj^l! J& j^jll 
.tlujj! Cjl^laaj A ia-la all sLall Aiiia ,_3 Jsjll 4auUJ_j5I <LajlLall j-a£j j to jjt i 

Jc (_£_alaj ■ - 'I ji k\Aji\ o-lLall llll llja.) all J_ai»ll jJJ jl J La£ 

.A^jLulo £_£.llj,a £JflaJ £jLall jjlallj (^JJff a c dllijlS 

Transfer inside a single phase J Jib Jiil! 3.2.8 

l*jjiu ilflj j a ■ <adl 4£ja. Clujl! 's^jiaa jl jlill AclaS Jib ta-ilfi t-la. jp 

J& jjSj I jl j t^jLaSI jjlal! ^-a (Interface) ^#11 ^LuJI Jl cjUjjaJJ 

l— Ja.jJJ (jil t^jU Jjia ^yaC- J iCjlaluiAll Ijli .^ij il ^Jajoilj J^all 1 . ^ a ^ 

ajia Jila .^alall lift J Jaj <LajlLs J_y j^y l^-lic tLuj-nj ajJj£ ^j^A^ 

(ja JSI t_Sj^)laJ £jLall Sala AjLat (_SjaJ ' * 4ajJj£ll AjjJaJ! ClL/ltlLall J SJlaJI 
I jl .(JaflS a jji . all C^lclAall (J JUall klai a j$ia J..','^"' U^i) (Optimal) Ajlllall 
adit t " ll a<~. «.Lul 4 jS a all CA 3 ail aj& £-a (jill*jll (jl (_£jjjjJall (ja jjf^J 

jj^aiaj dLiil jA ill J-SLjij (jl ' . laJ <c jjfLLall (Jc-liull J Lft jjjIj jji Ajlt j .'a jjj£1I 
jliaJ (lAjLUa Jib jj£j jl j£aJ L-lL all Jjlall Jib (J&ll JajSI Cjb^a-a jl .AjLxJI 
(C jja. jiLjic. J£jj Jc Lai tA£jaJI a Ijfl all 44j$a all CjLijI£1I Jc (_£j£ij jll (_5jjaJI 
jl iiilljl Jj^jII . JSLill 'ajLa J!>U. Sijila jj£j jl 4A£jaJI Alia JalilLl iaij^i ^ Lm 
jl (_£ jli ^aaJ JSjJo ^^Jt Iia.l_ala jj^J < 1 J laja jl£ I jl 4 . ^-il 4<j-uflj ^ a all jjlSlI 
tdlLuja II ^\ bjJ jiJ «.Lul ajJJ^ Ar-jiuJ AjIjVI 'a^Lall till^luij .4_Luij£a JSjj ^^Jc- 
AjIc j till! Jjja 11 ^^li.1^11 (_><aall Jl L^ia «- ( _ ? xu (_jl Jl Jj^aJ V ■ " Ua i Ajiujflall AliSlI jl 
jUjjI ^^t ■ -UjjJ Jtliijll lialiil jl j^-aJ LaS .JtVI ^aJI (ja JSI jliaJI SpliS jj^lu: 

Si-^uj ^Ja^all j| AjxjjJI ^jI jjll 

Transfer across the cell envelope A^laJI ci^* jjc JSI3! 4.2.8 

jj '(^La jl t-jL-a) Jj^aala J_aia£ Ujjqiflj ^JJ^ 7- all CjUjISII jliicl j^-aJ 

jl j^-aJ (^^J^Ll^aJjLuill «.Liill j AjlaJI jl^a. J^ L° M^-) L-iilc. JJC JSjll 
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oj£j tAjJj^£]l A ia AjlLjjjall q all ■ SI j ^aLaJ ^^Ic IjLcJcl lilJij iljda-a (jjSL) 

2 ^ a j^j 4JL I (jj\£JI jl£ Ijj UuSj ttiilljjai] (Hydrophoticity *U5I 

• (2.8 (JSjill^ 4slia-a <Jai ClLJI jjjlAJ i<Lol& "bjy^aij (j^-oJ .V 



A j 



.•u i r 



.UaJ utte jjft ^JSSfl Jiill *Lfi 2.8 J&&I 
j> <ajj C£ _iL J Jaj y> j :(Free diffusion) jaJI jLiiiVI • 

jSlj .(^cSU AjLla (Facilitated diffusion) JLoJI jLSdiVI • 

.<UsLi ilil \f'jj; a U,„lj» ^jj-uj 
Jaj tjijjjj jj Jsill : (Active transport) JUill jSiJI • 

.(Atp) Sja. AiLkl 

AjlaC. (jjaj lil (j^° J-J-^-* 0 5-1 ^Ija) 1.1a. JJT > Aj^^all 4j]a II ^iaa (jl 

^jjiia L^U. ^ia ((iSli AiUiaJ .c_£>li]| jie Jaill <j* ^JjJ 4jlaJI JaJj jLijjVI 

t till jai) -Intracellular organelles- AJiJI J^ta dUjac. sljiJI 

(jli 4<liaSj| (jjjJjlLalllj lilli .Jail] t£ja.l ja.1 ja. JiLoJ (j' lA^J ls^ (^U-^J^ J^-" 0 
.HaJ jjj <SjUW Jajj -^lv;,„Nfl Joxx IjJJa ^J^' lP^M (j* ^ J^l I^A 

. Jaill till jiaa. 4luiLj ^UJI J^suill oAc 

Mass transfer equations cr^' 3.8 

Fundamental Principles 4±uitu.VI ^jLaJI 1.3.8 

jjL ^ U jjSJ (J) ^^iSSI Jail) J ^ (Fick's law) 4£ u>>^ 

Cluliill ^Jjall (jljja. (jc. JJi*jJI j^J^ ^J-" "Sif" 1 ^ Aiilc. 4j cijio 

: j* '(Steady - state mass flux) 
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]=-DdC/dx (U.8) 

jl&jVI aMI ^ D cP jjUl J j&i Jj^ll J] A^iL, 

tt-iLail A^LuiJj t jLiijVI lUUJ 4ib j (Effective diffusivity) aJi>JI 
i^yA Ac Jj^JjJI (Jjj2 j aI&II jLja. j£ a£1x!\ j) .t_iL^»]l CjI jjall Jiilj 

J = DAC/d (m-1-8) 

Ail Je d/D Lj-uo j£*-a l_L-£S jj jl <j^-°Jj ' J^ (J-aLt-a D/d (Ji*j 

ALL ^jo^iA Jt LIS li& .Jail! Axil-ill o jail Ac Jlajj .Jsill 

jl (jLoj l^jilj tjSLJI ^jLall J (d) liLaui £-a ajj j^aJI ^L„,J (Sheet) JjjlSjll 

lluljJI JJC a1&]I jLjaJI AAuijL Lai .(AjjJsJ C^ltlLall A Jaj1 Je (JjLj 

gjjj dx U Jas ^Lj aLL Je. J&3I jjl Jill jU t(Unsteady state) 
DS 2 C/8x 2 =8C/8t (2.8) 

A-kJ jj J&ll JSjll L-lLotaJ Ajjlajjl AjjuiLuVI Cj^-jU-all o^A J laJLj j£aJ 

q^j U IjJj jl Vj t^jljaJI ^IjJI t_iLjc < . ilku liilj jSl .jLfflS^I AjLae 

oi& Jj i jjlall Jaj £-a (^j'^jaJI (J^J jLaoj^l j|JJ JaLujI jjj ia^Ll La Llle- 
li^l .£jLall jLjjuJ Ac^ui]l -Luij A3j»-a ^iC i _ s &J AjsLiaj A IS "< ~ Lij^l j J^..' i a AjLsJI 

^Ul 

.AjsjLsJI AjjjaJ Cj^lclLall J iSJsZ Jll L_lL*alt Jj 
— £jLall (_5jjia jl t jlill — JjLuJI (_Jjjia jjj JjSlI Jj AAuiilL 

(Two — films theory) jjjLiill aj Jajj as jj*-«1I aj Jaill jLsjcI j£aj i_iLoJ1 

.(AjjLajSlI A^uli^JI ^ jjJaj-a J ^ a g 1 a i—lliS J J JjSlI c_JaSll je IjSj) 
^^-ajAxll Jaill jl jja. J 4 jyjjiall J Jj^aala aJjSII jL^a.. L-ki-aj 

.3.8 JS^IL 

:A SauiljJ Jj^ll jLj^jsJI i i r-i jj ^jLallj jlill jyj Jajll Jj AouiilLl 
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(fl jit f.Lic. ^)JE. Jflj — 



ig = MP-P.) 

j,=it,(Ci-c) (4.8) 



:Henry cfficientt (H) is j& lW*-« <JD^ t> -W^jm 



Pi = HCj 



(5.8) 



f>ac J j£\ Jill ^1 jU^J (5.8) j (4.8)j (3.8) 

J=K(C*-C) ( 6 - 8 ) 




^ (6.8) 4JjU-»II £l ^ -t^ 1 JJ^ 1 <^ ^ (P /H= ) C* Jlu ^ .oh^ 1 ^ 
JaUI J-b-a Jtj <.4aajm1\ A»aWI SjaJI (C-C*) J1«j .(u-1.8) 4JjU-1I <j-iL 
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l/K = l/(HJc g ) + l/k, ( 7 - 8 ) 

J (/) l/k » l/(Hkg) J\ AhU-ll ai* Vij.nfl c£*i u ^ 
<-aja j& . (^jLa]l cljic. <LajlLaJ 4jjlia V ^jlil! J_alall f.Luic. <La jlLa 

sic ^JSII Jill 

£a (_Lal*j]l <Ula. IgAa ta.lj.SE. Cj^la. 4jl ^gJ] <il]j ^ l_llui]l J jsu .^^Anll ^ ia i J 

J j^-all C^lclLa ^I.la2u)l .lj& jl tAiijaa all jl tjlilL) ajjjiiall AjjJaJ C^lclLall 
Jajl] ^tlall «JajjiSI AaLoia JjiaJ jl£-aJ .J* ' ™ L>° UJ-^J ta jjuaa all 

iJclLall ^ £jLo ^a a 0.1a. j J£] £jLallj jliJI jJJ ^^ilJI ^ ia i J <LaLum a (J!LaJ ' " Ua 
o^a.j j£] 4^.1 uioll jl 4£jLa + l_iL^ + jlc. ^a a 8.1a. j <a.Lui«]l jl 
^aijlI Ja gjlill (jli t£jLall Jl jlill ;j<a jjajai£VI (Jaj £-a J-alsull .lie Lai .(_>ia jail 

.(Oxygen transfer rate : OTR) jja^Vl Jaj J^«-a sic 

C* j-a J^l ^5 (_pal jjsl ' . laJ tk^a <-aJsl ■ a JJ-^J Jft Jj i aa SI <Ja.V 

•C j (P j) 

(jl (j^ajaaj (dlljp] 10 j-a (Jai ^J,'' ; all ^jJaJI (JelLall J) ^fmjlLl 

4-aj3 (jj^J AjJfcj (a Ala, ajjj^aJ Uajla-a £jLa]l J_>ia UJ-^! 

jr^Jjyl tl^lelia J Aj^Lljll J^U-all ClXaU-a dj-laj V 3JLaJI oi* jl Lalt .£jla]l 
Cjl£5llkVI JUfcV! j>J AkVI aJUI ^ '(j^ 100 t> J^t) ^a , hll 

jl (_Jaj j .(5.8 U-aSJI J^j') 'O^ 1 J^l 6* Aiiia-all ^Sl jJI JjSI JiL 

:(4.8 J^i) c^J-*^ jj^' 'g°,:.'^"' j^J <iM CjVUJI (jAaJ jl ,_>bjiii 
t Ja-lill jUil Jjla ti_i j' aj jl i_j jjjaj tflLiA jjSj :CuUj = Pin = P .1 

AjILxJI jLijjuJI Cllj a JJ« i aalt tlL>L&lLall ejlc. CLlAaj ^Hlj .a 

.1 n>n'i Jjlill JSill j jliil 
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Jail! J.l*-a (jj^J Lo^jc ta jjt , ^ill A-aJajVI <J U-bjl ill^J ^1 

. jail (jlfl lja SI JaliJI Clllj SjJJ^ll ClilclLall ,_fl Lai t^jlfi. jilt 
^aJI OJJJ^ Ajc-jVI <Jla. j^ij iP 5-aj3 JAaJ ^ill _&& ^^^JjlluijjAl^JI 



p = pjiuji 



▲ 




P = 
p= </ ki.p 



p = log Jxw ji« p 



P = P £ jLaJl 



PJiliJI 



. JcUj (_>ia ^ j jliSI jjlail (^i V^J^ t^J^' Ui.^tl , : . c££ ;4.8 JldJI 

^jj* tjjjla (j LS .(j^lcVI SjljaJI i!jL>j^ ^ LjLjji (Jal SjIc jlill <jj£j) 
.P A-aja ^ bkk C* A-ai J (Henry's law) 



Cim = iP* ~ 0'n~r : (Logarithmic mean concentration) L ^hj£jH\ Jy^jill J=u^ji« 1 
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.^1 JaiU ^L&l ^aJ jill 

JLpJ ^ ^UJI cljUUI t> ^fiifl JLil 2.3.8 

Gas-Liquid transfer in real systems 

All aila Sjjj-aJj a J kj ^aJS JJ-^J Ajiat (jl LaJj • j»L<u&l t _ g ic. Ajjj^JI Cx)lc.LLall 

f. jaI] (jS^j 4 » aja a 4 ajSS (_LiLtJ La hllc. kjfl 4-«j3 (jli iAjlil] 4 it » Ajlat ^Ai Luijaj 

SjjLaill Ajjj^JI tlildLall £-1 jjl (jjj (Jj aij J Li& Luic ■ ■ laJ . (_Lil*x3l (^ aa^JI 
(j^l ja-Vl CjilclLa j (Airlift) jJl j$JI £3jll CS^cMa j Cllclaal! SOaCl Jia JLaalmVI 
Jail! jljla jjjj £jLaU AjjLljjal! j gjl ■ II jl .(^jU J^ill jlajl) 2jjia all 

^La-liVI £jLa (_jl 'oj;!^ 4^.j-ls Cilclaall ^La^jl ^gJc jiaJ (^ill £jLall • 

.2JUJI oaa ^ liuu^a < _ 5 li^l Jajll jjli ^Coalescing liquid) 

(Non ^L«^jl!UI £jLa <_£l c J^juij diltlaall ^La^jl ^131 £jLa3l • 

Jiiill ^ ^^l&l JjI jjJI j-a ^ jjll liA ts-iaju .coalescing) 

(2.2.7 (■ j> t^jLuJI J' aill jlail) Cllclaail o^a&l dilclia jliJI JaJj 

(JjIjjjo ^jj (j<a £jLall ^gC-jjll iaxujll IjJ .(jjiLoijll jl JjuiU]l •-Jjaj J^-^ L>° 

Lujjoj laAlLii Cllclaail jli (2_alaJI «.Lo jl jiaLaJI <iLa]l (Jj* (J)) jlSI JJC ^LoiiVI 
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LJlc f.\ jgil (jLjJJJ J.l*-a (jj^J Lalic. .lljjaj 46mm iS^ WO' J.l*-a 

(Heterogeneous flow jijiall jUj^l J-a*^ J&LLall jli 4^11 ^j-^ 
s^. j J£] jUJi (jLjjjoi =\ AjiJajJI jlill a^jjJ Alta (e) (jj .i_aa_^j t regime) 

JJ Po JJJ^j) 1 <aB (JjjS (JjAjJ Jc- Aaja-^a/i i((Jc.lLall ^^jJajxll ^Jaiall "LaLuui 

:(jU 1 4!laj2 ^yti.j-a La* 1 a 

e = 0.6(v g p 0 /p)° 7 (9.8) 

djjjaj j ^3 AjIUII ALU-all jli J^l Jill <J*U» l_lluia. J^V 

M = 0.32(v g p 0 /p) 07 (1Q 8) 

iaLu jl ^l_jjl (_pa*Jj AjjjjVI (Jjlla-all (_jLa ^Lo^jl!>UI (JjI jjoi ^liijjail .lit 

1 g t JeVI J] jlill (jiLij jl jjib Aliiljll dlelasll ^ijp Aj&jjll j^aajll 

AjIc-j .^la 6 (j-a t_Jsil dlclasl! jaa^a (jj^J (jl iajji i(_£ja.^l Olclaall £-« ^aHj V 

jj Laxi J&l aJL^JI o^a J (jj^Lu kja 4-aja JtSlLj < JjjII » a^Luui jjli 

.^LaJjVI (jjl L>"^ U.li& i^ljj jaiHui IgjJ jj iLaaja jj£I dlctasll 

4j jSLall Cllclaall jl 4 (50 m 3 i>a SjJJ^JI CllfrlSflSI a-lad Cj^l&lLa J iaa. jl 

• JjSS Jaill J AlLaJI oi& Jj^Lu . . jj^jj^ . all J CjIjjUuII 

^Ai.iij AlLlo (3.2.7 '£-J-»-JI J' aillj Jl j$1I £3jll ClLylclLa J ^a.Jd 

^jUll jljj^ Uja Cjlcliall jj^j ^^jj dua. i(Riser section) jcLoll Ailaia 

(DOWn JjUll Alkla ^^Auij Aikiaj 4£jLall (j-a ClltlflaSI JJiJ (j* J tJ&VI JJ 

a^jLIo ^c. jSI J&j .JiuiVl jaj tiljajL ,xjU1I jjUj jja. comer section) 

AjtS jj (j^-aJ La-a (JSI (jj^J jjaja-all jliJI (jl VI tCllclaall Jj<a*J ^C-L^ill AiLio 
(JSI kja <-aj3 jli AjIcj i^Lall (jLjJJJ ,*-a (J&lsQll lillj J (9.8) ALU-all 

A Lalt JCjlcliall oAaC.1 d^lclia J I gj aj3 (j« tCLiLlI Ja. JJ (_LwaJ jl^LaJ 

.!>l^ui (jjill (jj3^ J^'J LT*^ L>"^ CS^" ijj ' II 
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(Stirred-tank <a jsa-J ja.71 ii^lelia ^ (jLjjjJI SjAUa jjjaj *j 

qa ji£ joc (jjjj 4(3^1 lSj* u£ ^jjlj^l tjijb CP reactors) 

jj^SjII cJ*^ Lo-a ' (jL J" 1 ^ Jlaijl ^iaj (j-a jac. £-a JalijjVlj 4jt t CIsIjjLuII 
£jLall ^ CjjPAaII i—llajll jlill ojl& A^aJj .Aja^a 4-lla& ^gl&ll Jail] (jAllI ^g-aill 
.Ljjljjj f.Lijl (jjliaJ Clll jLi ' ila 4jj£lall Ajjlill Clll jaill ^ A£.JjoiJj 

Ig-la J idllja^ll BJgJ SI >— S__>la]l .lie. aApjoi jUi 'A CjLal jj Jjj's'n 

4£jLall (jLjjj dllclaal! 0J& .£jLall ^yaC (_Ja.Jj ojjij^a CjlclaS (_J£ji ^^Sc jlill 

AjjLjII (^ialia]! ^Jl dlltlaall £t-ajljj . (_pa jaJI ,JJ £jLall ^Jajjo Liajl £4JJP I g 

Cliltliall si* ^uil £a.jJ . Jlxll (_>*aal! ag-a. djl 3 Aj^ua^\ ^ Ljjujjj jlsu Luuu 
Jaj-ujial 4ljl»-a jSjJJ j li& a i all ait Ajlsll i^-lj^J (jaa. J t—SJjlaall Jl 

a &all JjIjjuiII ,jj jj-^ a all jlill 

£ = o.i3(P s /v,)° "(Vgpo/p) 067 ( 1L8 ) 

. JA&J Jpfl <jj£j jjT- a all jlill 5-aj3 (jlfl ^Laajlilll JjI j*J J) 4j.uiiL Lai 

JjIjjjo Jl ojle jLij . <L^alla, Ajjjjaj Cjliilc. .Jo Kj a J "L^aLa!! Cjl£il*ll <jl 

t <M\ (%30 ~ ttaS a^jj) 2L.UI oVi»-ll as jkU ^UaiMj ^LaiVI 

.kW/m 3 10 j 0.5 ojj Ps/Vj 3-aja jjjSj ^JL^> qjSj Jll 

fc,a = 0.026(P s /V 1 ) 04 (v gP o/p) 0 5 ^ {u g) 

k,a = 0.002(P s /V I ) 07 (v g Po/p)°- 2 ^ (B 8) 



(j<a 4j_jgjll J dlljjajll 4j.kiiL.Lia. jp£l kja (jj^J i^La-liVI (JjIjjj ^ 

iaa.V .^Laajl!>UI JjI jxu <5La. j-i LaJa ■ a (_>»£*ll (jj^J (jJa. ^ i^aaJI ^ Cllljjjull 

<_Ulc (Jo (jaaJI aJjjoiI jj 4iaJa]l AaUall (jl .(jliaJI ^ jj ^^Ic o^i»j V tliliiUll J 

Sjaall ^La£ ^jC JJ*Jj .(13.8) J (12.8) J (11.8) Cj^LlJ ^ jjila 
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P = P 0 ^N 3 D 5 



(14.8) 



La^C La yaC P 0 jj^qVn .(5.8 J^JI jiajl) (jiUJI £ jjl J (^P^ND 2 /)!) 

.(Scaba type 6SRGT) Ul^ ^ jj <> ij^- ^■**SJ o^^' 

Jti. 

.Ajj^jII Jajlaj AjiM-li^JI Cjli^al j<a]l (jjjij 4j ^ill Cllclaall J jmC (JclLo ^ Ajljl 

4jJj]| <a.LoJI L itjJ aSI j i(N/m 3 /s 1.67 j) lwm 4js 4jj$j1I Ji** j t3.5 
2 soa.j Jil sj^all J=o j 1.75 m <ialaJI jiaSj t jL 2 (Head - space) 

:Jc 14s 4 p/Vi = kW/m 3 

ki B = 0.05/s :(10-8) aU*- :tri\ftlSill Jcli- 
k la =0.1 4/s :(12-8) *H*- i^jiLJI o^j^ 1 i>lL« 




100 1000 
Re 1 j4>SJ £* ,J JJC 



10000 



.(Re) iAwj 'Vj^ ^ jj 6* (Po) JliaJi 5 jjSJI ? li J (jiau 5.8 J 5 -^ 
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(jlia. iSU 1.7 ^ 6SRGT LIS*- Jlia. ^ iLu*i!L L»l .5 Jje 4jjL i^uLM o**JI 
Re Cf **Sc <_i**Lj dLi$a jl! £)L>«1I ^ La! .1 <^$a (Prochem) ^jSjjj 

.(Po = 64/Re) aJ^JJ tA V-^W <JH»fl lW" ^^e) 



0.30 -I 
0.25 
^ 0.20 - 
JB. 0.15 
* 0.10 - 
0.05 
















~~~ ' 

A. 


0.00 0.02 0.04 0.06 0.08 0.10 

VgPoP( m/S " 1 ) 



^ 4JI JS tAilla «fl AjfrjjJt JaL-jtyj Jja-uiSVl JSj AjL** 1 J 2 6.8 JS**JI 

J U* o^-A -(13.8) j (12.8) j (10.8) oVjUaI! ? l.iiIu,L ^kuJI JULS1 At ^ 

0.49 - (0.10 mol/m 3 - 0.5 mol/m 3 ) - (C-C*) ^ J <>! jiaL 

3 s 3 

t0.024 mol/ m /s uj%^ Jaj Jo** <-oja jli anol/ m 

Cj^tlLa jli lift (> f^J^J .(Jjia-all ^ jaJ ^3 0.070 mol/ 1H /s 

.(6.8 JSjSB IjJ jJail) jlj ... Ja) 

JajjiJI (jli t'Luaja St Aj^a all (j^s Jlc jj^JP -I ^li Jjc. 

JJSill ^j-JJ a jJjS ■ . ll ■» aaJ 4jj£-o > j'-— «-a]1 IfriJajLj (J^l-ffi ^ jilji niLail A£jLiula]l 

^<Ji, i.N j j» j 4jllc jj] lillj qa ^cJiii .£jLall (jlj^ui Ajj^ i^ya 

li& .^jLall ^ jjll IxuijU (Elastic) ^Ua* j^Sia ^ j (Pseudo plastic) 
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AjjaJ jJ jl ja! lajia (C^fra all (jjl^ll (jj^J Lo^JC frjJJI (_>"^ t — 1 J - ^ 

Jajll (_>blLkjl jjjuj .(Xanthan) jljjljSI J&* .(Polymeric substances) 

Jaj-ujll J ^aajl o Clilclaa (jJjS JJ <_£-^jJ dllfclSaJ! ^La.ljl hj ja. 
.dllclaall ^laijl 4£.^ui I ■ lluij JSI (jj^J jja - all jlil! (jl La£ .£jLa]l ^^C-jjil 
(j^-aJ Aijaiiall L_SjJall I - . a jjt i ^-i J^l ^cJauJI AaLous ^jj^"' i a lillil 4ajoj£j 

.ejjjall AjjjaJI Cj^ltlLJ Jim £l£ jlLal till j Clilclaa 2 ^ 

i ALJa djj£a SJsj ^Laii Jill (1mm (>> JSI UJaS) lAa. e jjt , . — i \> Cjlclasll 
lift £cjjj .ki 4-aj3 J& 4a, jjUl jBj 1 . tdUft .(jpSl jl 15 mill) ^ii-all -kui jll 
Jc o j^lc . Ig-uiSj 4a. j jll SjjiL^a 4ajoj£ (_>«Jj t^jLall 4£.jjjj J (jJaliajl (j<a jiMI 

cl\ JaLujVl JJ 2Ja.U SjjaSl Jjia.1 JJ Aala. (illjA jjjSj Uuj tiiSli 

Jjlaj JJ (S^JJ JJ^I (jj-^! (J^-SI dll jLi ' flla till jaill aaa ^jV j i4jj£j]| 
J^la. ^ 4_Lal*]| CjUjjVI J o-laa-allj 5Jaiij^]| Cjljiiljll oi& CllL^aj Js] 

CJ lj2 t( i" n fl-ikioL (13.8) j (12.8) j (10.8) ^Vi-J 5^ 
J& (jjjaj jll Sijik-J tjA Ja <ul& j .0.9 JJ 0.5 jjj sic n 4-ai 

k,a = 0.002(P S /V,)° ^gPo/p) 0 V/Mo) -07 ( 15 8 ) 

t(Pas) J^W Ho = 0.05 uj^ Uo < [i u_& d 

ojUjj 4a.j jlll Jai) l_lilS j £jLa Jla £jLall jjll Jauo jll I jJ 

((oaaSI Jj*-a ^jj^' i^Jj) (Dilatant) -la^U ^Lo j (t>aa5l J^*-a 

H = K (16.8) 
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y = 10N (17.8) 
jj^jj Je (Rheology model) ^jIu^I jr i>a3 J n j k ^ :uj*j 

.4.0 JJ 1.5 c> ^£ £ jljpJ i •"' Ua C% £"> Sjlc K >niTTij i^jjJaJI AiiSJI 
Jjl jjuJI J l<n UJ^JJ '<J^I 2j<.",„N ill JaLuj^l J il>n 4-aj3 (jj^jj 

.(Newtonian) <u jjjll JaLujSfl J n = 1 jj£i op- J 'Sa^U 

.^/cjljjj djX jUill <c jj-! 0.4=n d = K i j^/^ 30 = Cx 
JISUj 0.13 ^ UjjBl 2^ J U^j (17-8) j (16-8) jaibUJI r l.siluL 

g^-jj .k^j l^laJ qa %51 ki a ; *-aJ3 (15-8) <bU-a]l L_baia. j 

JJ k]& 2_aj3 JjJaJ '2 = (X 'SLfcJ^' 4li£!l Jy^JJ <— icLiaJ £-a :t_]ljaJI) 

.%69 JJ kj a JjlaJluj tjliaJI Sx^jjj Sjc-Ljax Ajfc %19 

u^l Jj jJLJI <> JLH 3.3.8 

Liquid- solid mass transfer 

l _ g & L-lL^a ^iajj (_^a jl JJ £jLa f.Li& J&La. J&M <_Jajil AjLaC i_L-£aj (jl 
si* J kj .lodaJ .£jLa]l JJ jlill (j^> Jj^ll <J^' AjLaC. (j<a JJJ^J (J&*-^ 

^^lull ^JajmiSI AaLota <4J9 -^-ajl U^H 3 " ■ ^' --Til i Jc. 4 oh'JVI 

ClsVlaJI J o^lc. i_iL ail JJ £jLall ^ J&ll <J^ <Aar- (JflaJ '*SJiL>H °JJ"^ 

^jU ^Liill JDU. aj] jVl SjLJI JaS ijJa.l.sLa Jclsoll j J&5I Jill l^a jjSj J5I 

Jiij j jSfl ojLoll (illgjjqiL a ■». CjUjl£ll .la.1 jjj ' " Ua 4 St ^U... ^J) 

<_Jxil*J La Ullc. .^jLall JJ f.Li*JI JiLi. j 4jLa*JI si* (j-o <jj£la]| ^j|jj]| 
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Jos-a J J\ t(Appearent kinectics) Sj&Uall aj£j-J ^jj^ CjVLsJI 

Jia^UI Jctiiil 

<jjli» J&liill pb1 L^-ajl (1 0 aw ^jIjjj (Effectivness factor) 

^Lafl CjLuaJI Jib JSIll 4.3.8 

Mass transfer inside a solid particle 

JlSuVI jU tc5jli. £-aij ji Jib Aluij Ajj^^a CjLijI£ 

ji AllaJI si* .(_£_)il <La jlLa JlaJ AanaJI j-aj-'a ( jLjdjVI <Jajjil jjj 

4jL<a Cslini. Jib A£jaJI aJjLa Ixili £-a JoUjII (_J jiaJI jjaiill ClLlaE. 

a'\\ L-luilla t '< > j ^kia j i _1« ■ aSI jo .(Aligiliate) CiikaJYI ^!>Lal jl A-LaLuio 
(illj jfc I ja& ■ <jjfaJI Jib Ajj^JI CjLijI£]I C^lelaj jSf sj&Uall 

jjij JJ b& -^J*^ .A3j^)*-a jjc. jj£lui l-^g-Jj tAj^aJ <aLt-a]l Li>liJI J CllAij ^11 

^Sj ^jUJ J&\ JSill <JUill J*lc Jj Ail^l .LpiiU Aj»LiB ^jjiill 

.yOa-aJI A-a jlLall JojoiJ (^ill t^^-ajoxJI A_Jl*i]l Jolc. J-aaiuiJ 

< 8 y*»aJI JSSA JSjJI C£Ubu> JjJaJ 4.8 

Determination of the volumetric mass transfer coefficient 

f.ljaJ (jj^J La-lic. jl tkj a I AjJJjaill ^JslL LaJ£o La (j aa "< jl£ bl 

AjaiiSI (jo ' aKx jl ( _ s ia& JJC. AjllSa SI AjjjaJI ClLylclLall A-aiajl (J CjLoLsII 
aJUJI ib* U^}2 tojJJ^I AjjjaJI Cj^ltlLall J JLaJI La£ t4-d ■ aSaVI 

.(Model fluids) j*j ^l^a ^l^iU 

jj£l Ajjiaj jj£j tA_Lalx]l cllLujVI / j Lj-J Aj^aliJI CjLajlxoll _alj 

jl .oAl^aJI L_ Ijliill j-a aIuiL.ii - j a i taJ j^-aJ jl co^ylel ^jJajo La£ ( jp£l Ajjj^ij jl 
jl tJJjil A jja C AiL-iaJ ^a AjaXall Jj^ - ail jl $.Lall jLa tAj2Lj_»Aj]| ^jljoll ^al^iiuil 
j£-aJ La] Ai^iaiLa ^jtij ^ la»J '^_)UI cjj^l tLjj^jJa jl£ bj idllj-aj] jj AiL-iaj 
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(Qualitative trends) ajc jj CjI^s. jj Ja*j j tAjsjsaJI J <u"j". 

jl ^ j~mil (j^aJ t(J -a jjja. J&Uj jJSj Ja.^ .^JLajZtl JeUHI 4JLjll • 

acjjoij t(Sulphite) cl ujjjjSlI JLmlLJ ' jjr -^V 1 

4-oj3 (j^aJj . jia-a j jja ' J J?> (Sulphate) CjLjj jj£ Jl 

Ja .cjibjjaSI i^^Luil Ja«-o (jjlia (jjjla o 6 - (8.8) <taU-<ill <>> k { a 
J& J jj^xaJ j .C* (=p/H for oxygen) j (=dcsulphite/dt) 

JJ AjjLom C UJ^ 1 - .' <— Sjjall elalil I ■ La-1 j!i£l £tjl-U 

j»J_)jl ^-a JaLijjVlj jj£jlaJI -I lalml (j^-aJ 1 1 " LjJJ j; 1 ^ (_JjIaj£ 

J t(UA i^'ioj jjauuoSVl) (Glucose oxidase) J-ij^J j.AjM 
^jij jja^Vl) (Catalase) jJllSlI ^jil j H2O2 t> -M^- fl-^J 

(Jj Jaj 4jjj.ll NaOH JJla-a -I laJLj jjS-aJ "JLjall 

.(OH £-a 4tjjuiJ CO2 J^^j) UJO^' AUilS jl 
ajSLno <ULa> J JjLu J (JS^JJ I l)I JJ^J ■lj-'^J^^ ^^J^ • 

La^jc. 5-jjaa]l I aju .C AajSI ajjLoi^ C* <-aj2 (jj^ 1 - .' (Steady state) 

Jj 4 'nx a <Laj3 (j^s ^jUtJI ajjaj (jja i a£VI (_£jiui*s 4-aj2 AcjjjiIj JJXJJ 
N 2 Aj3 JLfij £jla J N2 J-iJ el J*JI «JH»S Jjf" Jc- -CSJ^-I 

(JDU. cdC/dt 3 ajSS ajjLui* (8.8) aLL^I J Ja 4_aj3 Uajc. 

S^A -1 laOi "1 3 kja - (j^-4J 4£jLall J (jjajoiSVI jjSj-J jxIuiaII (JjAjsII 
jljJI CjljjLall ia.1 iai^a J ^U-all J£*^l jA ji>VI J aJa.VI .aLIxaII 
L_lia3 -I laajji (jjaj JIjIIjj 1.1a. Ajujjoi Ail Jail si* (jl . LgJii 

.<Ut_aJI J Ljjilax Ijxl AjjaJluiV I ^tJJ^ [jj? ■ 
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/qa = (dC/df-qr)/(C*-C) 


c 









<>» k]a 4-9jS jUjJ ^iAj Uiifr JJ-M /JaaJ) <j*aafl ^ (q) . aSVI cSfcl^Iuil 

.JH4II Jjiui ^jic. i^jll Jii» (C-C*) —2 Lf AhJs. jU\ jkui jll ^ ill 11L tJcL-aJI 



(Steady - state reaction jS lun fl ^jjaJI Jela221 4Ljla • 

(J tA£l^LaLa ajjjjIia Atjj-a j»Lkj JU*iJ ajc .method) 
^ja |jj t(8.8) AtaU-aJI (>> Kja i_iLu^. (jl^i i(4jil£) Sjalam 
^a. j^j jjjS C j C* jjj (jjill jl£ Ijjj iAijjs-a C j C* j Ja 
Ja (OTR) jj^j 1 'i ■■' <: V | 4_iuii]L t Jllall ^^1*3 .<jal£ 
(Oxygen mole (jj^-u&ll aJ^JI ^ (jjall ajjL^ 

(jLljwj tllVA«-aJ Ujjj^o (_5 jliJI Jjiall £ ji-a J fractions) 

(Uptake) ^.1 J^3" = jvy^yi Jaj Jis-a) j 
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j^ui^l IjuJa (> C* ^ M,,^ t(OUR = OTR J tggua^l 
.t_jj|j]| ...<Nfl i _jJa3 ^ C A-aJ aeljS j^xuj '(P/H = C*) /gl aSSl 

(Dynamic bioreaction ^%4UjI.i1I tsjjaJI Jcliiii 4JLjk • 

N2 — j J^jI-lj jl tia>a jl u^j^ -method) 

(_paiijjj . l^)L^a (_£jLuij jja ' ^ kja ^-aJS ~ i • -~~ '^1 jA ^-jj"" ^ 
idC/dt tt_ljjiiaj]l <J.}*-0 jjfLjol j .AcjjaiJ t_uli]l j-ja ■ jj^JJ 
Jjj>T_l.,>i (_£^i.l 'i^a jlj^jui 0.}lc.j .IxJ •(<*[) "W^ (Jlst-al LljLai-a 

l-AjaiaJ (8.8) 5ill*xJI -I laaj LiaJ j£aJ .4jL*aVl <Laj3 jjSjplI 

Ji^V) dC/dt+q <-jS1 a^jL^ Ja 

JaM JaaS a jjt > all ^1 j^VI (J <SJj]all o^A -I Ikloil j£aJ .(7.8 J^uiti 
4 m'lK'u jj&j (jl ^jl*ll JjWI dlLjjS-a jV lilJij t(jj]100 j-a 
jl jja^-ll JUJI I jl) N 2 

jj t Jl jaofl ^ •(«■! _&g-SI jLjj^»> ■^ JL i 

^1 Jiill jtptudfl AajJ jj± 5.8 
Effect of scale on mass transfer 

Scale up fj^ifritt 1.5.8 

AjIc jA Uui ojlt (jxu^l OJJJ^II AjjJiJI Cj^lclLa]! ^ (jj^ui^VI (JSj jj^J 

Jj*J .4jjlj^)]l ^jl 1 «axll jl dijiia ail ^3 - Vn." . .*< ^^jll tLa^a jt i <-iVI Cll>l&lLall ^ 

((^^Jcl AjaJauj jlc. A£.jjj) jjSI jj^J j_5jl«JI JjUl ^S-">J (jl '-^ (e^ 

. (^^ijliujjJj^JI (jjjl^)l]j Ajxuljll <a.Lui«al3 (Jlc Jai-Ja) jjSI Ajtfll J 'i j3 Jlj 
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Jli. 

** 3 3 c 

AAuij .100m ^LiJt Jelai ^aja. ^Ijj UuS 0.1 m ojljla Jclaj ^ajaJ laA.la.1 

(Scaling up) ^ , ^11 ajLc ^ .0.5 ^ jl^j D/Tv j 3.0 cs Hv/Tv 

Jo»-a j tP/V l = 2 kw/m Sic tiiii JtlLall a j-lsll JaJ ^jlt 4ja2U-a]l ^-a 

jja.j (j^aljjalj . jU 2.45 oj^s ( (JlutLmi j j i^ll i_>"'j^ IjjI j 4jjjoIj1I Aa.LmaSI 

:(0.10 mol/m 3 =C<jbl ^C* = mol/m3 

0.1 m 3 : v s p 0 /p = 0.007 m s~\ kia = 0.046 s" 1 , 

OTR = 0.022 mol m -3 s _1 

100 m 3 : v s p 0 /P = 0 071 m s"\ Jc t a = 0.145 s"\ 

OTR = 0.071 mol m" 3 s _1 

?^Lo^!iUI jjJl (OTR) c^u^n JLi Ja« U^tia.1 ^jjli^ lib. 
jjlj .(Jl jill Jc. mol/m 3 /s 0.12 j 0.07 = as^Vl c& M 

I . lfmJ lillij t^ajaJI OJJJ^II 5-jjJaJI ClL^lc-lLall ,j hit JjJa. (jja_ui£VI Jiij (J^«-«3 

xSUll Jti&l CjLiLc jli t*Jlj J& .(300 m 3 <> l^a. 

^^Ic. (j-oJ^J I^JJ iJc-^J^J c_Jaji\_J 4jjlLa 1.1a. AjJiaJ J i aJ Sala SI j 

jj£l ~ 1» <aJ J3 JJjiill AjLttC. Cjlj-la-a (jl La£ . ^^aj-a*]! (Jtlilill (J.l*-a 

(iSlj Jc jl j |jj .5 kw/ m 3 Jc Sj.lS3l Jij iajai jla Jjjj V (jl L_LaJ • 

'(Mechanically damaged) bV^j* Ajj^all CjUjI£3I jj^L jSs 

.Ijja. AjIIc. JjSloi liSja-ali jl.iaL.uV I j AaUall ' jl La£ 
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(Cj|jja-»3I (> (Compressors) CjlL&Lial! i_lJI£j ^li .m/s 

.(Jj-all Alijij (cill JLa-al! t-jLota. ^gJc jl^jj jjf^ ail jlill 4-aJ3j 

^1 (^JjJ 1 ■ jl^jjlxu ^llil ^^aJI Sag i '—^ (jli 

lai ■ .all j'--'' h >t5 JliLa JSjuij ^ » (5 j^-*^ ^ * 

(_^JJj La-o JclLall (_paj^ ^gi dlcliall Claijjl LaK (Jj? ' j "*' a ^ 




^a&d Jli .sjJJ^il 4jJ#aJI uj^liail (jja—iSVI Jii J J-jUJI jU>ui 8.8 Jlill 

siaL j ill jLuiaJI («1 t^ljjjJI AL^4*ijS <J Ul tJliaJI ^ ^-jjj^I 4akL»J! ,J j~ ■ ^V 1 

^ i nSVl tJjliaJl Lfrj^jj JfrlLaJI jkuia> jaj L^jl-a (JliaJl (j^ ^fr j jil JiuijJI 
ijljjJ <UajJij| JjJa J^aj (j) (ji«J .SjjSjj j^*' 'Jill jj£I *1> ■• AJLaJI sJA 

^1 AjjLuu) JjUII A£.j^u I jli .10m ^\ 4^UaII JJ*^ (jijaJI CjiU-Lia JjUII 

■ 10s d>jj^ 0- 4 j Jiwjla (ijS^ui lra/s 
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f^jiHuilui (((jjiiJI AillaLa li^-Jaj <Jaj A^JJ V LaAicj JJ-^J IjJ^I t^-J 

j£-aJ ' " i Ajjl£ <Li.j.lJ (jj^J jl ' ; 13J (_paj^J] '«■«" a Jjt aLall 

.gjlill (jJjSi (J^at-alj jjl^ll IjLia (jj^J (jl j^-°d t-i , T ' ^ij^a i_Jj*iaj 

(C- A«alJ SjSlI jV ^ISSS J&B J^-a |j* J Jl (8.8) AlsU-ll 

.AjIIc jjSLu C J C* »aa jV j tAj^aikia JLJ (j-oaSI ,J C*) 




i_ijjlali j j» i dj CiUiafr f t j,'* J J ' ""° * U-* (llj^- 9 Ji**^ JclL» ^^Ifr Jli« 9.8 JS^iil 

<U2 <|iil JfrliaJI j»liiluil (j^aj liili! JjJjS .9 jjjISI ujil&liaJI ^ ^ alilu^l 

.(dispersion i'i/h'I £r") plug flow mode SiAuJI oWj" ■^ a *^ 'O^JJ^I 



^ J ■ ^ 1 

* 3 • s 

jl 1^3 j 4j!>li.ljjJ £jLall jljj-ij (_sljSJI Jajll jj .10 III (j* JiSI Ig 
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J jj<all JjtjSa all (_pajaJI ClL/lclLa ' jja i uaVI (Jaj 4jLaE. alaa a I : " ' laJ .la-a !>Lal*J 
oAaC-I ,_3 jja i aaVI Jaj AjlaC. jjj AjjlLaJI j^Jaijj . (jjflaJI <alaia to-Sjia 4iliaJ 
j3 (jaaJI AlLla jjf '"^H J^j J-lsoa 4-ajS jl 43jaa all (_>ial ja.Vlj CllfrlSaJI 

.Jaaa (jliaJI J ja. Jajll <Laj3 djB J£j£j 
.8.8 iJ$JA\ ^ A^auJa (Circulation loops) jl jj^ll tliUa_ojij! AjaaI 



Scale - down jjt.nll) 2.5.8 

LaAjc Sj-aJjui<a dlljjij ^JJ^f "I dAjjlill jl tjfc^i '^M-" 1 Jfc}*" 

JJC. dlljijlj li& I ■ lfmJ .13 j . JJjS (^Jja. (JelLa (_pa ja. (Ja.1.3 ja.1 ^1 jl£-a (j^ (J^j 

pda^l 51a. 

tCjIjjliull Cjj.la JJSaJ L^L)^ 3 (j 5 - ^ ^ " t— llj^till (_>"J-^ L>°J AjT-^ j^a A Ua\< 
jj» i ad j£-<H Ia^jc aa a SI ^jfr ^ ^Uij a-ja ■ <alll 4jUr. ■ " I laj ^jll 

AjlaC. AijjIaJ Igjl jijtj (Jjlsiilj 1 frlL ul j i j ^^li^ll Jaill ' 1 '""'^ tl)I.Ua-a 

AliaS jV (illi j iAidJ UJ^ U' ^ J-'* ' ^ AjLafr (jl (AsjSaJLl AjjU^ijal j 

. J-al£JLj lg-a£3 ■ -la i aJ Ida. a^Sa-a Igjl La£ ti ■ It > aja i adSI L_Sj^)]a 

. jjkj^adll <iuiliall J jlaJI ^lajV (jj^la o^C -^JJ 

(jjjilaia]l tilli ^ (jj^lLa 1 j/' JJ j-a jj£-a (JclLa aldaiuil j£-aJ • 
(JSjjS Jaa.V tl a^ Jjj £jLa]l iajujll jljjJ AjLafcj 4(JclLa]l ,j 4-1A&I j!i£VI 
(jLj jjaJI ^ _jj 4 1 da. a^-o (jl J jdll (Jdit-aj jJJ j jj^aLail jl .9.8 

jlj^ui oAla. sjjj^aJ iajia el\ jya ^jljpj (_^l tsj_a*^a^ (J£ 

.(Plug flow) sjliuJI 
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-I (j^alj^VI j^i 1 g al l^lull (j£*oJ £jLall (jUjxul oj_aia!La 

.4ij^>»-a (jj^ Sjtia a till jjlitil 
4ia*-a Sjj^aJ A^IaIsJI CjLujVI CiuijJ • 

Further reading <L»aL2al J* 
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Advances in Bioprocess Engineering. Dordecht: Kluwer Academic, 
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fundamental aspects of microbial physiology with strong emphasis on 
mathematical tools. 
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Nienow, A. W. "Agitators for Mycelial Fermentations." Trends in 
Biotechnology: vol. 8 (1990), pp. 224-233. Overview on fundamental 
aspects, use and improvement of different types of agitators, 
especially for highly viscous mycelia fermentations. Interactions 
between cell morphology, rheology, mixing, mass and heat transfer 
processes. 
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Processing 

l-iUjA - <x^ji Cib 4x*U 
f All — £yaJ jjfr AjlsIa 



Nomenclature AuauuJI 

2 

(ms" ) <J#?juil a 

(m 2 ) (^ia jxSI ^JaLtll A^Lum A 

(m) o^ 3 J*^ B 

(kgm" 3 ) ^#luai! Jl jaJ) JjSjj c 

(kgm" 3 ) ^UJI jjU J^j2 C 

(-) ^1 ^bw C D 

(Jkg 1 k 1 ) SJj* Cp 

(m 2 s" 1 ) jLiaWt J^lx- D 
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(m) ^mJI jLa dp 

(m) jliiJI >S d s 

(9.81 m/s 2 ) ^jVI J^jjuJI g 

(m) £U3 jVI H 

(mol m" 3 ) AJjjV) S jB I 

(m s" 1 ) jufl J 

(ms" 1 ) ^ISSfl JIM J«lx4 k 

(-) (1.9) 4±>l*42b K 

(mV 1 ) g uU>" J" 1 *- 4 L 

(m) Jjfafl 1 

(m) JjW L 

(kg) M 

(s" 1 ) <Jjj^ N 

(-) (9.1) ^ J jjc N 

(-) SjjSJ) P 

(Pa) l£*A P 

(kgm" 3 ) j&luufl jjlafl ^ j£Jl\ Q 

(m 3 s" 1 ) Jjx- Q 

(Win 2 ) tf JjaJ jull q 

(m) jlalil uL-aj R 

(m) jla&l t-Luaj r 

(K) SJjaJ ^jJ T 

(s) <>0» t 

(HIS' 1 ) <$J jaJ J*a U 

(m 3 s" 1 ) t-yl»3! jj jcLuuJI ^Lj-uuH Jjju» V 
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(ms" 1 ) V 

(m 3 ) J\ ^ V f 

(m 3 ) A^l\ ^ V p 

(m) ^jl^jJ ^t^i x 

(-) <A*- *> x 
(m) Jj^l Z 
(Pa) £L*fl AP 

(K) S JjaJ 4*jJ Jjfl AT 

(lllkg ) 4 > A\ \\ 4£a£ jLLa a 

(-) fAA ja^ £ 

(m) f IwdU) A^Lu^ 5 

(-) jJUJI j** 0 

(m 3 s" 1 ) Ckj^\ d** 0 V 
(P as ) 4^11^1 UjjUl n 

(m 2 ) 4iflll»ll J jSiy»VI 4*1— E 
(kgm 3 ) WteA p 
(rad/s) AjjI jll w 

(Subscripts) Ajiajil t-fljjaJI 
uLa s 
1 

Introduction <U.iU! 1.9 

^1 <*jLa]l Aiult jj .Ijj Uta oal tiilli i^tJU. ^ AiiSaJlj .(Fermenter) 

at jja a jl aSI ^gJj o 4 J i ajl ^1 j^i jl 1 g i nqi **„'J^ a all CjUjI^II ^jlilall 
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A+xj Jic .u J*±A j<Jj ((Inclusion bodies) ? L*J Jib 

J^JJ *J£^ cs^j ^ >^ lilliA (jjSlui I^-JJ ioLa %95 Jj-aJ 

^ ojxjojj (BrOth) ^ii-all l3J-^' CS* £J : ^' j^JJ U£ t^Li* J .^jolall 

<^JaJ ^jA stall AlljJ (jjj .4iKll jjuuo jlj Uia a £ jjiall <jl£ LaKa .Jjljjafyl 
Jiuil lllLajla aJ C g.«..,.Lj La-a cSjiV J£Liall (jxi lilliA (jV 4-laS3 alg-all 

ajjIjs-VI CjLiLaxJI l^j ^1 j (Downstream processing) 

^Uili ^Huu L*. t£UJ Jib j-inJI .(DSP) £ti£U ^._pUI 

^^Sc l5 j^jj tlJa«-« j-aiJI £jLa jjfL La£ .l£lill o^a (Disruption) 

43tla> lilliA lJJ^J ^ J T j"'*' " 4 J^ r * ' ■ '* ' -*„' ^- tt-a 'P* jSlall <£jLoba '"'1 .'"^J" 

Jj^ ASiilii^i ClLiiiall ^gii :Aj11& ojlaj AauOJ ^jjial! ^gJc. Jjj^aaJI ^gJJ 

^LjlJI ^ ^1 JSLLall 0 1a jjj .%99.999 ^ J) Sjtiill a^j^ 

Jib j;jjia]l jjSj Lo^c. Jaaa) - Cell discruption- l£UJI Aliii • 

.(Lj^iil 

.(JjLoJI ^jc. IaLjILj L^i-ll J^»a) (Clarification) 4_iL^ill • 

.(cjI jiai a^c ^ Ulc. ^2) (Purification) Ajaiill • 
£ jSiall clLcl) -Product formulation- ^ jjiall 5i.U^> • 

■ (t— Lulls JSjj 

^jJj ^l^J ^-ll jiaill a^A (j^s J£ J' aill b* (jJ-uil Clll _&Iaill a^A J£j£j 
4ij^)]aj ^i-aJI _&A a j^^VI a^A (jc Aj3^»-a ^ La .'e_^^/l -^lj 
lj al i ^Vl .}l_a^j llAjJ.lall jLa s^cLauJI J*l_a*JI JLaaiuilj Jjijoo]! 

sj& t> ajLuJI ^jjiij .ASLkltj (Adsobtents) 

ajlaa i Lille- jAjj %95 AjjoiIj V _a*^aa^o (jl (ja f£.J$ ^^Ic- .^Igjll ^ jVi<i\I ^ya 
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4_iLa*ll Jj, „ i ^JJ" 1 J^a3ljj (^JJ till jlaa o^C. -laJJ (jl co.2jLo 

^^kiuu (0.86 ^0.90 ^0.95 ^>ll jLaJ m n JloS iV <0.95 n ) 

jx> CIiLiaS ^tiij j Cjllp-allj j^i OJJJ^ CllLba^ AjjiaJI dlULtt«j| 

^jjj^JI ClAjj jaJI (jUj^ AjljtS j Ajjaj £3jj (J^V • ( — 1 jl-all 1 l_sj»^1I oLlo 

.(Thermodynamics) 4h>L^>°j^ J lsJj^' t^li^l f^>^> 

t^C-) 'SiJ^-^ t — '^!_)^ LS^l ^'-'^-j JJ^-"'" JJC. ^^alxll J alt I^A jj 
AjJuJI Jj^j ■ ■ IAj ajj Sjjj^jl CjUjjaJI -liixj ' ^ lilljj ( JUlaJI Jjfui ^lo ' Saiill 

^jlfr (—JjLaall jxs .lij-all ^^"J cs^i ^J 1 " - ^ J"^ ail £jl j-o ^ ■ " »1 ;<j alt (j« 

.iaaS tllLjjlajll ^jJc. axuxj (j! aAaj adll V tAjLaxlt oi& 

Jjjla i _ <il a jg_a.YI < n jl a.lpc. ^ jLaj (Jj^aill I^A ^ (jjladiui 



. ^ j j- a J I ^1 jjIlJI (_g jiuw j* (Scale-up process) ^ , wilt CjLiLxI ajjjh 
Cell discruption l£UJi 2.9 

^ <— IjC-JaII ^jiiall jjjsj ^ ImaJJ ^lliVI ^ all Aajjlall jjj 
.0 jiilxaj <Lg-ui AajjIaJ AjIc (jj i as II j g.<u.iLj Ia« o jjoilxa jJAaall £jLa ^1 L£>laJI 
-I Ikluit (j^-aJ l&.Iie i^jliJI ^jiiall jjij V JC ? (jJ^ll lA^ 

(jiill I A* j£l j jiiall jl jSL Igl ^cauU u^'J Lj^Lkll jJjaal 4jjI jjll 4 i a 1 lg II 
j '-— » j (jli 4j1&j j°"' i a a jjc. ^SjlLall ^ jllall jjfLl (jl (jS-aJj c!)L^ui Ij-ol Lajl^ 
(jjJa o^C. at iklml (j£-aJ .U!)LiJI La la (_3J_>la (jc- j^iJJ (jl l—Lag dsL^jlLall 
L3J-^ ' UJJ ' "/' J a c3^>^' ~J"' a ' lA*^J •Ll^-11 (j'j - ^ <LiiiJ 

(Non-mechanical) aJVI jj& jj^all .aJVI jjc. JjUI j aJVI 

* j *" J ' * ? a 'I Qj* ' a dltjAa^jll ^JIuim 

(Freeze ^iaalt ; L« j ^"r*^: ■ °,:°r"^i) (Drying) < • 
.(Vacuum drying) £■ I jilU t Laa^ll drying) 

AjjjjVI S jail juij) -(Osmotic Shock) Ajjj-jjVl A-aa^l • 

(Ajlklt jlaijl aJ ^-lalit ^jll c5^JJ J jla all 
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.(Temperature shock) ajJ <*^^ll • 

^ill aJiLia£ jI 3iLiaj) (Chemolysis) ^U^SII J^UMI • 

(jlj-la. Jjlaal CjLoJ^ J' 'AJJJ^ ' - 'I ^ ■ <a " Ji iCllLuia jl ' -■ lajjill 
:l^iaj c4_l]VI (_3^>ia]l - aa a II CjljJ-aiall ^gjj <iuu3\j Lai 

.(Ultrasonic disrupters) ajjj^I ,jjjs c£UK J • 
.(Bead mills) i^t;l£JI C)j=A • 

.(Homogenisers cjL>uL>JI • 




"(If 1 -*) " 



.LjSLkll 2uut ciljjSfl klj3.Ua .1.9 Jlill 



Ap = 20--100 MPa 



. LjiLaJl ^UUt (^ula-. :2.9 Jiill 
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4-illc- Igjl Vj ' J £jLuo J^juij Ajjja^II (_3j3 I " ~- la all - jaluii 

4JC. jl __j-a CjLl^£ll (JJaJ jja (jj^ .^jj^a-al! (_gjjji.ua I g SI i ..I .lie. 1.1a. 

Clsljj^j 4 10 m/s Jlj^- ^J^ 3 ^J* 4 ^) oj'j -1 L>^J^ Ajjljiajail 

4_iLoj«JI ^La _J Sj ja. jwall L£laj1 ^j. .1mm ja. U jLa j *JLu (cjl jja.) 

4-iLa*ll si* (ja'jJ .(1.9 JSjiJI jiail) Qii <^alaJI (>aall <J j3 «UajJ jo 

Lille. . jl_Lall ^a a S Ijjpa. bj IjAj . ^J_)JJ A-jlaC ^aVI ' . '^"'J 1^1 t'ojl^a ^Lli] 
li&j .(2.9 JSjuill 2^V^ ^ jo...il<i < ___lc dll mjla all - la La 

£3jj .(MP a) 100 ___JI 40 <*-1jJ Jai^Ja JaaJ 4_i£aJ ^Lu^ _j& SjUfc jlfcaJ 
. l-L/laJI (jlj-la. jj ■ aaJ j 4 la Sa (JaV ^jllc- <CjjjiJj -1 a ■ all _Jjoi (Jvla. a jSJ £jLall 
liaAojj jlg-a. _jjuI all . Jj j-olll j 4 la la SI _j-a 1-lijVa __apill ' ala ClllLjajll ■ ■ lfmJ 

I Lg-ia t__g jLuiaSI _j J 4l (j^Sj 

' '"' ^"'JJ tiaaa ajjj£ll ^laa.^1 £-a (_Lal*jJI Jo jJsLa tt_la.L-a jig-?- <OI 

(__£! aJLc. Sj^a CjU-ja-a Jl _rtiajj t(Highwear rate) JL& jl^l J^«-aj 

LjjfiajJI l-L>la. <Saia. (j£-aJ jj (SJfr? (__pl^H Jc _jjijla-all Ajllni ia!i*j . __La*J 
jlj-aj jlj^J (JvLa. _j-° 4 1 o a ail A ^»JJ . jpLaaJI l-L)La. ___vujJ _jal j t<lj_; mj 

;5_JLj]| aJjLxaSIj JJ^"' «W ^juiall JJ^JJ ( . ll ■ (j£-aJ . Clllj-a 'oj*l ^jjvaill 

C =C max [l-exp{-KNAP 3 )] (1.9) 



IijIj JiLaJ K tibial! __l«l£Slj oj_)aJ jjc ^juiall jV^JJ ClTiaX (JJ-aj til 

jlj-aVI Cjlj-a J.1C. (JiLaJ N ' iS (iP^I _J^J Sjlj^JI ^■J-^ J 4 " • Lc ^ x ! 
ia» i .all (__valiajl (JjSljj ~^ a i all jac ia« ■ tall _j^alia j| jIaLi 

:Aljl*-all _3Ailajj LjjL 11a (j^-aJ ^^l AT SjljaJI 'a^Llj 

AP 

AT = — (2.9) 
pc p 

^lajiJ _jl .(Specific heat) <jcjjll SjljaJl C p j _oL»ll P Jlaj djja. 

Clljja. __f J)lid] 2" juIaIIj ___;Ai<all jJJJJ ' ■ lllajj A3 ojI^^Lj AjjUill JJC. CjLjjJj^jjll 
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(jc JaLoui SjljaJI a+ ^lij J <jl .(Denaturation) jjjII ^aJI ajLc. 
Clarification Aji^oiil 3.9 

(jx ^tjjj .Ll/LsJI ^Uaa.j i 111 ala a 4-lljij ' ; '7- J jalall Ajalij jj^JJ (_Jj3 

(j-a OJJJ^II ' "'^ .'J.'^ SI ^Jj! (j^- 4 ^ -^"J^lj 'L^J}^}" 4 ^ LaAj 4 J a ' -**'^ 

i VJ AjjjaJ 4_iiaill ^3 J^utluU V sOA (jl " ; U 1 ajjll -LLjJjJ £jLa]| 

.(Aglomerates) S Sjjk. 
(Assignment) o^j* 1.9 J-kyi 

(j-a %40 J^pi dlL ajl all (j-a (jJx-a ^ _jj ^ 4j| ^ j;""'"*- a^l aa all J^-lal 
AjjUa^ll ClIjIj^VI .lift JJa. .Mpa 40 -LijJa tllaJ .laJj jlj-aj J*J (jJJjjJ! 

.Mps 100 j 80 ^60 AO » jbL. jAksA c^i %95 

Centrifugation $ j£ >»JI jjiJI 1.3.9 

(j£-aj3 tjjfla-a (j-ajj (JjLl}±aJI Jj^ail 4jil£]l ojallj 4-ijiLaJI (j£j ^] |jj 

y J.'"''" '^l jW?' 3.9 J^uJI ^jiiajJ AAllI jl-g-?- (JLa*Jjoil 

(a) Uj? * j2 (jj .LaAjJji ^JJj (jiiljLalLa (jjJJjjjl ^ £jLa]l Jjla-a]! £jJajJ 
<C.^uJI J (R) (jl JJ-^I (j-° ^-■■"■ < ^l ' "'^ .'J.'^ ^ ^j'^ ^^ill 

:(w 2 ) <jI jjll 

a = w 2 R (3.9) 
co = 2nN (4.9) 
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(JjljJ 10 J*J UuJatj Jj^aall jl£ |jj .(g) Lff j^aJ^\ Jj^ »*N <xj3 Cllj-aJI l_sVT 
^Jc. oAA J' aall Aijjia J^aJiuil (j^-aJ lAAic. 43000 g <CJjoiJ j£j-a]l Ajjll (j«a 

cjULutll ,J -^"■■'j .(Jal t_njuijj3l Silum 1 1 aj| jSlj 4 Jal (Residence) 

±±iS\ :(_£j\£j-a]l l±il\ a_j^.\ (j-a (jl&jj 4AjuLjo e jj i *-;j 4Aj*jl> adll 

(Disc <i jJI j&l jl^?. j (Tubular centrifuge) (^j^Vt 

tg ^ jW^ Ji 4.9 JSii5l j tStack Centrifuge) 
(Sigma concept) 1 ^ . ^j$la ^l^V jW^' 
1 . 1 " j" 1 t -'^ c ' e^o^' isj^^y^ 1 ^i^" J-^ 1 "' lA*^ - l$ j^j^' * 

o^A (-3 I jjlc. Jj^ nJJI oj3 ^ S Ji\_J_j £-a 4_ij|ja. d^l jjJaj^a 
.5-Jjiasjl 4£ljaJI j Ajjji^aJI 4£ljjji]| :4£.jjji1] (jjjj^-a £-a 




.(Swing centrifuge) jt»Ji« ^j^La (_? ji>» j±i jl^j. :3.9 Jiill 
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u — u, 



id' 



9 9 



Uax = 



.^jJ (|JS>« iij jlfa. :4.9 Jiill 

</v dl 



TT^-r?) dr 



(5.9) 



dt 



(6.9) 



r j a-lilui*]! J ±a Sic 4jS^)ja]| jljajjJVI ^cju [/^ J!Loj djja 

.^jJaiill sL>jVLj SiluiJI 



380 



dl dl dr 
dr — df dr 



(7.9) 



d/ 
dr 



V 



ax 



u r 7T (r 0 2 - if) ©Woo 



(8.9) 



4^ (^^iaju ^151) (Stock's law) o^j 1 " ujj^ J^Uj 



7T (r 0 2 - r 2 ) to*L 
h\(r 0 /n) g 



(10.9) 



(Gravitational CjL^^I jifc i y 1 sj ^ j£ jJI i^ll jl^sJ 

:E ^L*. ^ Settler) 

0v = £Uoo (11.9) 



: Ajjji^jA Jl^joil ol*J 2 <_J^ljC. (jliiull ijlkflVI i_>^ -I jackal j 

(1-12.9) 



z = ^ L (r 0 2 ->f) 
g 05,1 ln(r 0 /n) ' 



V f i- v 0 1 7 

^ — i- con r i _ i 



j^jjL. (m-12.9) 



7ZOJ 2 1 , _ 

g 3 tana v ° J ^ J ^ 
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4JC jU 4ijj-aj-a]l (j^al till i 4jj£^all Aiill o^^-^ AjjlLa (j£-aJ 

.5.9 (J^-*^ toJjlj!La]l Jja njlt ojSj ojjj^I! <aLuLaII tllli 5JjLal! ' . 

.11=0.1 km fljJT-i-a flaAl ^fl »J£^ r J ' (jr^ Jj 1 M 4jLjlaJI 

(_3*i J!iLk (jjljll £jLaJI t_lAAlj i^jLiJI S A, alt jlj^JI liljjj 

. jLaallj jlfraj -J 0 *" 1 ■ . jj A±=>. J£jou -il j-aJI «.! jll^l ' . lag *Laa«-all iliVLmSmVt 
(_3J_)ia (jc. (II) LS*j^ "**'^ L5 jS***^ (I) **,.'J all t_l jlaall *,.''*' ' lA^J 



(13.9) 



0v 


1 








E 




.Si >»JI (j^l jSVI £jj <> 4 >»S =5.9 
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U±J 2.9 jUaVI 

(j-^lj 5 ^! f^y i> iSjfcj* ^ ^ <^_>^l <^°j .i-u^jiJI Trp E-Methp roinsulin 

^£ j a^A lij I a )3 I " ia lljj j2a]I o^ 1 ^ t^" 6 ^ e^jj-a 4i j - a^all 

:4_JUill jUj^I <1 <a j^ajJI ^1 jSVI lB Jar' j*^ L&Li jjj^ILj 
' a= 50 <jj j-M-SI > i.^ii ' z = 200 ^1 jSVI jac 
'f; = 0.08 m yJa-IJ <ru = 0.25 m g^jUJI >2I 

= 5000 (rpm) ls u'jj-^ '5 = 1mm o^jaS/l jjj ^iLiwll 

«ps = 1090 kgm" 3 i.il^l 4iliS 1/? m = 1025 kgm" 3 jll 
4^1^=11 jI j-oJI ^ JUJI im. jll iJIU-j b = 0.035 pa jj-^l 5-?- jjl 
'C p = lgF 1 icjjlill ^ j±lc!\ jjSjj i m =0.001 pa 
C = 0.025 kg kg" 1 l£UJ j^ji dp = 2xl0" 6 m >3 
8 = 1-12% jaJI *UI <F = 25 tons 4»iJ JS3 ^iiJ 

(jiLai ja s^l jll (cycle) ejJ-^ c>«j 4jL&*JI ^j^-l ' jW- ^ (2) 



Filtration Jl\ 2.3.9 

• (PorOUS) (^Lui-o ^Ij] jl (jc- oj^C- ^JojaI! ^JaxuljJ dltmaJI 

^Lall .4aSti]l diUuaJI j'^< Ja«1uj jjsll j : (Filter cake) ^ij-all 

(Batch filtration) <*i^SI ^5 jj i^SijliS jt%ji> ^iklau tLiLat j 
(Continuous filtration) jlSI j t^i-s'iU,^ CjUJ;^ ^l^kiuiLi 
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(Rotation drum vaccum \tjLol\ s Jjoll 3jl CjUJ; ^l.ikiuL 
(Frames) ji>Vl <> ^ aj^IL^II CjUJ; jJI .filters) 

4ia ^ ji^J Jam^L) olki-a jLVI o^A -(6.9 Jloill) 4i-jU]l 

(_paliijVI jljjjj i^joi^a]! ^la^M (j;lJ ^LaJ tjJ*-a tj-oj JJ^° ^4 

tiA eljaj <j£aJ .4jt£*£]| jia^l ■ i \)<°' U^fc -jW^ ^- ■ ^1 

*j=J ^ jxll sjL. .(7.9 Jlill) 

i^li-al! ^ Siljlajai^n (ja t -liuill f. jiJI iaaa _>»*J "P'J^^ 



In 4, 



ii v 

II v 

II V 1 
I l^_ I I 

U U 



I 4 



' ♦ 1 



n 
1 1 
ii 



i 



.1 M 

LI U 



.jjLLail at liluAj JjJIjjJI i-iw :6.9 Jl^JI 
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Feed 




-I lazuli j i_ijLaall a^A elj?>J a*alt ^ ^ 'vn'in ^jaij-a]l ajLa 

.(AP) CijUi JaiuJa (jji ^ji^all ^ii-all JaLij .(Biichner) jji. JJ 

(jl La (j^lj iAjUjxu ^J^ijlill Ajlttfr (jj^J '-^J '^jl-iiS I "..'k''' ^joij-all (jj^J 

iAjlgjll (A i aol) AjLoC (J^^ <Lo_jl*-a L>°j^ a 

.aj^LuJI JaLc jVl J^Li. jLj^U (Darcy's law) 



AP =rj{Rc + R 



(14.9) 



JloJ 0V J iajj jll RlTl j t4£*£]| <j* jlia Rc JlaJ ^~ 

IjjS^I (jj^Jj .m/s e-ia. _jj ^juij^Jt J!>La. £jLal! 

dV f 1 



dt A 



(15.9) 
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4ja jajoill AaLuui]! A i(j;l*-a (j-aj ^xaJLall ^juj!^}]! ^a a "Vf (J-*-°-j t - J ; 

:W ^a.1 nifl 0.1a. j 

R € = QfW 06.9) 
wA = cVf (17.9) 



J (15.9) ClV^U-all JMabj .(JJ-all <J AjL-oJI jl j-all JJ^JJ C Jl<u ill 

cUaJ (14-9) ^U-Lj (17.9) j (16.9) 



dV, = ApA «_ 9) 

dt eV f v ' 

r/a— + ^R m 

A 



(m-18.9) 



dt _ /;tfcVf )|R m 
dV f ~~ ApA 2 ApA 



'?QfC l t , 2 , 



t = -^_lv, 2 + ^ Vf (20.9) 
ApA 2 2 f ApA v 7 



J&ui* Jaa. J^aj Vf Jjtf- t/Vf 
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t 1]<XC 1 T]R m 

Vr = T^2 V{+ -W (21-9) 



l^al.lkj "I j '-^ LaJ*l (jxi A£*£i] Ajc. jill <LajlL<JI ^^Ic J j' SI (j£-aJ 

^>J3 IgJ jj£j jl (j^-aJ A^*£ll Aj&jjll "Lajliall jj . Jj£l AjcLli-a 0.1a. j aJ a i aJ 

• ** • 15 12** 

jjSj tU^jc .<Iila iajj j 3-a jlLa dulS lij .m/kg 10 — 10 ajIIc 

I^llill liljLull 4j" j jSj i a (j«aj]l CJJ^ 0 £tj5ljil a jl ^Liajj jliLaVlj 

V f ~ v/t (22.9) 

i> (Void) <-ill2ll * jaJI <lb (a) 2<.<ti ajc. jjll A^jliJI jj 

ta S l*J2 Luu a jjt > ail CjLnaJli <iuajt ji=»3 3Jta 1 i aj) j i<£*£]l 

a\<, ,%«\\ Jaj .Uua.j l£iaJI (Debris) ^Uaa. ^ijj <jj>t.^ ^ ■ _ <j ■ ^ ja IIaj 

50-20 _jbsi AA*X.ui.n ' "'^ Jjja I^xojaI] o^cLuta jl j-a AiLiaj (j}JjIa jc Sjlc 

^j]| t"y\ ijj-v --v j^ jj£l jjivj ' ■ taxil ^joi jaII -IcLuui (jj . j!L<s j jfLLa 

' at i <aj sjlc- j .4jja_i]l ^jjjia jc- -laS3 AjjIUaII .ll.laj jiLsJ j lfrL^2 Jl! jj 

(Pre-coat) J J *IL«£ jjt > ^a a Vjl 1 al ■ :jJd!a.jA ^^-Ic- ^ij-all ■JC.Lui-o 
^ijxJI Jc-Loi* (jj .(_5^i-all jj£VIj ^Lill ~f a 11 ialaJj t^jjijlill Jauij] 

ll\A .^jlilall (j^ <1 jia-a <J-a£ ^gJc (_5jSa_l ■ " i <a3 jc ojljc- J& iaT*<. all 
qa j£-aJ (jjJI dil jjall jiaS ^^lc liJliS a 2<«<U Ajc jjll jlLoJI Jujju j 

j»Sj3l JJaii jl t(FloCClllent) (j«-ala]l 4j3 jj-a a S-jLa 4iL-kaj <_£>La. 

.(_5Ai-ai] 4jj JJ^I ojflll jl ' iff JJ.I13JI 

Concentration Jj£ jill 4.9 

j a^l jkJjoil (Jji sjj£jj ■ . >ajj tAjjj aoll AjLafr 1 "'-^ a ^Ji-aJI ^Sf! 

jl jj£j!ill AjLutl 1 i ajl jii-aJ LaS .f.Lo]l AJIjj o^lc- (_s-i*J I^Aj jalall Ajajj j 
ojlajj (^jljj ^ jli-a t^ic- Jjj^aaJ] tillj jj^! ^L}a.l J t^j^lall (_J ja-a ^^ajj 

.4jjC. j<a 
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oija (3.9) jUtf! 

(Rotary <c.jLJ Sjl j^ll -Lil ^ij^ .1 ^jLall (jc l_iL J. -» u^-oj 
^j^Lolo ^ic diUJij^ ^jn.rt'i J ^Luj Jc. Jjj^aaiSj .vacuum drum filter) 
a! ^ill j t jik jj £-«a -i lalmL Streptomyces 11 ^ ; Lr*.lli)n dAjLuJI 

0.7 jA 4£xlll JiU. (Ap) lai i all <j JjUll .^ui 20 ^Lj jla2 (111 J 4jjjl-i ^AjM AjsAjjia 

.(^jjij j^ijj) bar 
sP h = 1050 kg/m 3 tSjJ Ail^ :^>i ^to 
• C = 30 kg/m 3 ajj^II M jj£ jj t n = 0.032 Jl^L ^UjJ JjJI :U,jI 

:tlii jll ajIUII ^jiljll ^ diajjl 
3100, 2479,2116, 1719, 1481, 1204, 940, 727,507, 320 t <>jll 

(550 (500 (450 (400 (350 (300 (250 (200 (150 .100 =Vr (ml) ^41 J ^ 

.600 

•Vr JjIIo t/Vr i aj^jUJI <jj?^1I ^ '"■ ^jj (I) 

!U) R m .Lui jll <*jlLi j (m/kg !U) a ^jUJI 4£x£1I S-ajtLi .Lu jla j^a. (i_j) 

^Ijill .Sijiall SjljJI 5j| jU..,*sfl ^Jij^ -j — " t j£^j ^jtiill si* J5Li. (j- .(m/kg 
J jLII ((D) = 2m jJaSSI i^a Ail jJaJtfl j^jj- J W -0.9 bar ja Ap Jc.1 Ua 

.Ay = 0.6 n rad j^Sjill ^£ ajj! j ((L) = 4m 

^jl^ja ^\ lahAml ^j-o Ljjlaj 4_j1c. J j I 11 (j^aJ (_$ill ^ . ^aS/ i ^l^jjll (J^JLA L-buiaJ (^) 

.5 jA AiAllL: tllljjJl LS \c y i\ AaJI .<Cji-all ojlj-lll 4j| jla^Vl 
Jc. ojJlla tjj^J fjl U^l _**"jVI ^ J ^jLall (jc 1— iL all (J^aS lilt jlaa ^jl (j) 

?(jjl jxaj^l 4-iLa£ £->ijxll I iA -I la^jj jIaj Ja .S.laJ jll 4j<i^ll <J ^jL 50 ^ajl»-a 

Evaporation jaJ$ 1.4.9 

.Aj^i t-lp "II jl eLall i _ s A La <_JjLoi Aijja Jaj-ujl j ^^51 (j) 

A^jJ Jc JaliiJI jJJ li] to-lle jl jaL^VI a^C- 4jj;lsJI dlL^ jlLall (J^-oJ 

ka i '--II Jljia.1 I ■ '^-J 40 °C ojlj^. 'Li.J^ J^utJI iiai j Saia i a Li i ClsJi 
(jS-aJ Ajjila a i_ljLaJi f^ljaJ o _aiaA jj a i aJ ■ ■ lllaJJ .10 kp& JJ 
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(Rotating vacuum ^jia Jj^ <Jljic. ^l^ki^Li l_i jUjII a 1a *1jaJ 

j u^*-^ e?* jj^" (Jjj- 1 i> uj^ 0 film evaporator) 

jj-^unll ^U^. ,J «vJa±i (Bowl) (jjj-^l jj-ij -(8.9 J^') f^if 

lilli Ijj j t (Condensate) Aii&iall si-all (_>iiij dlliSj ^ jjiaJI j ^La^JI 

'(Degree of thickening) ajI&aII 4£l«...nil Jia si* Cy* 3-aj5 

Jjj^aaJ! ttil]j£j .(jLliiJI f-ljjl S j£-J^ lWJ^ ^■J^J "— ^ A^IaSj 
>_jL...l1j £-iLa£ LilLc. ^Ajla]! ' al ■ <aJ ^ii a^ail ^ - ^glill o ^ 

«iLiiJI (jli .(10.9 Jlill j 9.9 JS.mi1)) ijijac t_i jjj) J^Ij ^Lic. JLi Ls l& 



jljj^Lic. jia* :8.9 lJ^I 

La-a Jkl^ll ,J AjJc La-a jlaJt ,J k« . (jjfLi .t_l jfOU ^jlajl 

.^jLaJI ^2 ^gJ&l ajl^a. A^jAj ^-ajjJ 

.<_£jljaJI Jijdll 3 K.J jj 
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.^jifiiUI ^jluu Lf ic- -9.9 JikiJi 

.(MJ) J jaii^a 2.2 U jlaLa 4iUa JJSJJ jU-JI t> 1 kg ■ '«/'<"' lDU. 
■ ■ ulxll (j-a CjLoI JC. a-ifr j! pLall 1 kg Jja ill AjsI^ AiUal! aAA (jj^ 

lA-ia. 4iK]l ai& elajj ■ . '-^jj <2aK„ 4-iLaE. jLkjjl J laHmlj Ail jj (jj .^gjjJaau) 
a laJL-jJ (_J^l^all SjAatLa Clll^>ij-a ' °J a j"' (J^Lk L>° '-^ C3^^ lA^J "CS^"^' 
(jlkJ) JjT.ua]! ' <J Jlji^VI jj ^AiJt Jji-iil aaajmxll jUJl 

£jL»]| ' Jjaa. lillliA j c(b j^Vl) ' «<KMI i SjLjJ I^LISj 

.(jUjxull LS i V £jLall (jli JJjS (_3^-tuJ 4 A i all lllLjjSa alt Cjjlj lili I^Jla-all 

(Tubular falling film evaporators) ja=^JI ?.LiiJ CjIj^ jj 

t(cjLajjjVl£) ejljiil A ml mail JJLa-allj iA^jlll I— lL^_alialt Alal*-a] <La£La 

(1-13 kW/m/K ^.jiy jljj^l) Mjf^l 4L> ^jj-JI cj! >aJ • 

.2-13kW/m 2 /K j&A jljjJ 
.(0.5-2.5 kW/m 2 /K) ^ j^Vl s ^1 >*J! • 
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.(2-5 kW/m/K) (Agitated) ^UiiJI ' 111 ja la • 

.(3-10 kW/m 2 /K) j-JI JjiM ^l>f • 

(1-10000 mPa <r jiiall 4a.jjl <>> ^ j lS-^ 0 lW*jJI C5 i& «j^5l • 

•s) 

.ajl^pil 3 i J i aa SI ClLajjiall £-a ^^C- SjJaJI • 

.(Scale) ijSstl jjOa-o jjjSj • 
.j jja-a (Fouling) Jja. jj • 

a la a ojc-j • 

Precipitation uu >JI 2.4.9 

AjlaxJ (j^-aJ AjI^JI A-l3 axil oJitla (Jal^a ^ ' . ',' ■ ajftll al lajjjj (ja^i 

^| ^aHjoil jjS-aJ LaS . I i a a LJaui j lajlj ■ - laxlS ^Lall jy J «■ Lall (Jj JJ (jl ' ■ U ■ ajftll 
a _aJaa. (JjS !>&a c jjajjl! (_pajxl (ReCOVery) ^LajIuiVI AjLaC. Jila. i_±iuijjil 
^Ic (Jjj-^aal] Ajjlgjll Aiaj^lll ajjll (JLaxlui! (j£-aj . Liil jc. jjLajjall (_^aa3 

4j (_1 jC. j^ll JJC. ^jjiall (jUjill AjLIS (_^aia. ^JJ i_±luij!il! t-[±l\ L-lL^q ^jlgj ^J^° 
L-Ai all i . >. ..t j\t (J^-aSJ joiall i_iuijjjj Jjj^ 4Jla. Jl J jla all (Jj^aJ ( _ s Ja 

.^ljxujjII jl jSj-all ^jjll jlg-a. jl jljiiuiYI (jjjja (jc J jla all (jc 

t-bojl jll) (Fractionation) Ajjajll i_j jLL m^j^ _>?>■] u^j 

LJlc. AjL15 (J;liaj ^JJ .(Aalia-a ^cjljil 4 &3ja a f.1 ja.1 Jc. (_£jlaj ^jjaJ all 

Jla AjjjJa*]l (-jUjlall jl 4 (NH4)2 SO4 illlilUj t^XaVI AjL^a] (JJjIa O& 
■ . llmj La-a tdlLiui^all oAA (j-a OJJJ^ j^-?-^l J] 4-ala. lilLiAj . Jjaall jl (jjlluiVI 

I - ■ taalt (j-a OJ;!^ CllL^aS (j^J^J 

.bj^a-a (Denaturation) cjLiiijjJ ^a jjlj • 
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.AijjJ! ojl^a. A^.jli ' . "j"'^ J^l * 

.(Waste stream) c^Liaa SjjjS ^rtijj • 

O^jS 9.4 jUaVI 

0.2 « jl^la (yeast extract) Sj^aiJI j^Ku^ <_> £_ila ^ jiu 

Ailjiaj %0.5 0.2 (j* 'i^Lij t_ La.jJJj .J=>^' ^JJ^ kg/s 

iaJUI ^jjkll 

a^jj Wf = 0.2 AalaJI sjUI tF = 0.05 kg/s obj^l Ja«-o i^iiJI 

.T f =40 °C s JjaJI 

.Tc = 40 °C SjljaJ t C = 0.02 kg/s jb^JI :s jS jJ sjUI 
iA B = 0.5 m 2 jc jxll Sji^l ^kuo (W f = 0.5) ^jjjj^ll <1&I 

Ijj^l jl£ I jl ^i* a<«3l L_l jlixaJI a J - *- J all ^Jamj Ja->").,i<i1I jlaJI jl^La > 'm-sl 

^li gjol) (-k - j;"'-*- AjIc _a& La-a dll^ ( _ £r Scl ^J-^j 

^jl^p. Jaj Cj!>Lal*-a J ji. j (j^ajjai . C 140 Sjl^^a. 4_awj.ll jl-i-J SI 

q = U.AT - ''•*■"'' "i AjjLuiLo 
Iaj^lj (Denaturation) U-u^ <— ujou <iuj< j| j^S c.L.ia.1 -I ^"'■■■i q\ 

0-5 °C S jl ja. 4^.J^J ^aJUJI *lja.l ,__J 4ji.UaJI jlaJj itlllipjjjiS 
J-al I— lljjj-all ^Li.j!Lul jjU Laic t(-10 C - (jluiiVI 
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AjaJI ^-Lal awall oaA (jjljjj .AjJE-lii j Ajj iaaa AjIlo! (j^aLaa.1 i ya (jjJj^JI 
■iic .(11.9 L&"^) Jj^ aB ^jil^jjJj^JI P&jfl J<a!ixJ Ifija ■* jjj iAjjLall 

jjjj j^JI 4 la uj (jj^Jj AjjJiAaJI AJxl 7- aSI (jjljJ AjSLlSI u'J^ jjjj^JI jaSjil j»J3 
oj.la-a <Laj2 i^SJ lA j 4 la uiSI t_la. j^s (jijj^jll (Jj-^? 3 Allal jll pH ^JiS ^ Lai .aJLui 

Joxx L^js jjlj (Isoelectric, point, pi) JjUjJI pH —11 

Lj-iJaaJ (jc dliijj^JI (Repel) jajj V <Uaii]l si* .lie. j°' al3 LjLoui (jijj^JI 
CjLLaC- ^ j^Lj La LSlc. . i_LuijJJj ;j » jul Lj-iJaaU £_a liLI ■*"''*' jl j^-aj (Jj t Lisa J 
aj a i aoS (j! (j^-aJ ^Jj;"''- all t_ljlau]l (jlj cAi jai-aJI (_palja.VI ^ ' . '„'"'j"'^ 

lilSj (J (_L>V J . ((_£jIjj ( _ g cl It ^i) ai i iaall (_g jlui.a]l ^^Sc- ' . "jf*'^ dlLjLaC. 
(jl 4-La_J aj ■ taxilj J?jf'~^ all (jjjjlui-a]l j^^Ic. AlaaUjjiall (_palja.VI 4-m.ljA (jli 
£-a ^a.1 -^J^ -0 (3 ' -'^ c3_?^-* U' j^ 1 LS^ Z 0^°^J ' "**' U_J^ 

jjjj (jli i ^ i SI ■ . ijl 7- St ^^Sc- oj^c. .(^jLJI (J' aill ^>iajl) UJ^J J LiWJJ^ 
JjiaJI Acjjj (_pLv (j^i Lo.lj.laj ^jjj iP ojaall jjc 4 iajjil ( 1 i jj ^^jSI ojjall 

:d s JliiJI jLSj (PL) ^Ul AiL^j <N 

: j-a (M) <Sj£ <_>b jaJI Clb j£a] 

M = pj. ^-D 2 H = P^-D 3 (24.9) 
4 4 



— = 0.026N S D 2 (25.9) 
M 
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pH ^jj^JI^I 




<LuLji 



I-CIJ3 




P 11 cr^J-^V^ 1 



.cjliujjjU ^Ljill AjLIS j 3Ja-^l :11.9 Ji&l 

Lala 11 jLuJol (_pajiJI Jjikj j tjliiJI (— Sj3 <, _ imjjl ' «1 i <aJ dlljJaa 

(Shear) j-aSJI <^jl*j Vj aj^Lna 4J.1JI (J <j jSlJ cjUuaJI ^ 

AjljjJI .(3^-^ Atjjuj (_paikj i (jl CiliiaJ] 5_^ajA]l pUaftj -ls^-*^ 

IgJia ^gJc. pUjoi^/I t^fjj jl_j-all t_ ijaijJJ ^■-<mul (3^^' ^j\«r. L_a3jj 

i_l*J^)ll 4iLiJaj dl2j '(kg) oj^flll (J^J ' ■ —"^ ^ 1 "jf" ' ""^ ^ ' "*"^ 

Ailia all LLa SI (jLsjlj 



1? 1? ^ 1? *i> *i) *J> 




Ca(OH) 2 

1? t> 



.AjjjfUl JjUjA AJaii lift CiUjjjjjII uu jj :12.9 Jiill 
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Jti* 5.9 jlLVi 



Jjojc. jsua .(isoelectrical) ^j^l J^UjUj l-u^jiII ^^k. lAa& Vila JIoj 

^-uJI cJj^ a l3' ^""^ ' ^JSJjil AjLoC. ^ AA^Jp aJ (j-«J AiaJaj ,_^_j£-udll ^-lio^l 

-A^ilL-o Ajjj^£ (J-llxJ -Lalaj dili dAlnj^i l^A laua H (C j ■ ijijj^jll j 

ijjiiJ L)S-oJj -AiSli-o pH (j* JaLajl SjjjLm AjcLi^all 4jLax]l ^tiaJ llllHijjJI 

(baffled/compartmentalized horizontal »jji^> <-ajc- t> gial j ^Ijiia.L 
(back flow) j^iliJI tja-^l t> Cy^ij ^L^JI ^ Ljjill oi* ^ JjLJI vessel) 

<s.l«Ui,u ALjiJI oi* (jiaJ j .(jjlfiS pH !! Laj al (JclLall Ajlgj (base) AjJcU SjU jiaJj 

diliujjJI L-U; " j* i . ^jjJI pi aJ9 ^^Ic. ,_jjaaj ijcliall j»_j*c. ^ pH IS Li^.jij 

.(12.9 J&SS) SiiiJI 3ja2ll <JaJ ^ ma «SI 



Ultrafiltration jAill £^ Jill 3.4.9 

(J,atI1,,iljj .(13.9 (J^x^') Ajjuic-VI »\ laHml J jj£ji]l AjLaC. el^?J (j^-aJ 

(jjlall ^5 Jill j '(Micro filtration membranes (MF) 

(jk. (^j^xll jil! ^ ji^ .(Ultrafiltration membrane UF) 

^llSlL ^ ijiajjljLo 0.5 - 0.2 jjj UjUaal ^ jljjj (Pores) mj£ 

4-ilc. J^.^" 1 "' j AjjlxJI ^jjijill Ajlttfr J£ ? ^J^Jill OJ_>*H (j -0 ^^*jl 

^gic (_^Ji^j3 jjjlill ^i»iji]l 4-i»ie.l Lai .3-9 ojaall 

tjj^aJI (j-a llll \;"'JJ.'^ £XaJ Ljjji ^tilljj 4 JLajjU 10 ^Ij^ UojUaal ^lij 
(_J£xi ( _ s ic- 4fc_aii aall AjjuafcVl (jj .^!)LaVI J ?.LaJI JJ^W ^-aj^ij 1 g jSlj 

l-i mi Jsuaj ISjSj labile, (jjj .lc jjJi Ji^VI ^ mm 5-1 UjLLal ^Lj <xaLu«i 
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jj .(Diafiltration - ^a^Sjill Sjkill ajL«j) jiiall <>> ^XaVI J^c- 
.^LiiJI ^iajuj ___J& u^j^' £ >> g?* _?* (Dead end aIloJI ^J-gjll 

l^gj pi >nw\l J _jlL ___-!& 4 j ■ all j| j-all ____!£. __5jLaJI £jLall LSJ^. 'l3^-^ ^"J^' 

sjIcj (Cross - flow filtration - ihj^ £V"Jj ^Ik^a ^Vmn 

(jjiJI li* (jj .»! niwll ''^ a ___Jc- (kPa) tlllla aJlfc ^Lj Saa i a (__}j3 - lalluU La 
(F1UX) jj .frLiiJI <_£>U> OLaSflj eLall (JfljJ 4£ja^all S jail jA L«jJall ,__J 

jjc iaijjall sjLjj jjj .10 x 10" 6 m/s I jj*-^ jj^j (J) *LiiJI 

. jj*-a Ai. Jj j^Jj tLlllXa (__j3.i]l (j-a Aljj f-LuuJI 

(_3j3 Aicj .lilllA a, aaJJ dua pLoJI Aiajoil jj pbuaiul jaj jjj j^vill <_j9jjj 

V tillj jpi Ji£l La i <a]| (_3_)3 jj • frLuutll Je. jijj^JI jy*-a lax i <a 

(__ja.ll] <].llj<-a (jlaLil (j£-aJ .4-lxL/lgJ! SaiUti ijLajgi ojLjj Jj tS-l_fc| (j£l J t(__jfl.l]l Ajjj 

^jj^II i_jja *Li& Jc (Mass balance) uJj 2 J-«^ J^Lk _> 

.(14.9 JSJslI) 

]{ C-C P ) = -D^- (26.9) 

.iabll t_uLaJ J oAjJ^ j£ JJ C p J^aJj jJJjJ^ j£ J C J1«J 
f.LoiiJI liLuj ■ Ilia jpi (k) J^ll (Jsill (J-aljt-a L_SJ^)*J j (__LA£-\1! j till jjlilball <_Jj-a3 

I J JlLaJ D j\Ju!u$] (J-ala-aj § 



D 

* 



(27.9) 



: lA ^ J j^jj^' J£ Jj jjj 

J = kln (^) (28.9) 
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. jjliJl jLj*i j22l Akml JjSjjJI :13.9 



UF fUift 




.fUUI ^ ^1 dJljSl! :14.9 JiAll 

La.lj& .aUJI JjSjjll Jaj (ja^ll (jl (28.9) <bU-all (j-a ~ V '"'"'.: 

Jja-lll (jjj AiDlxJI (JjAjS (j^-aJ .Jfij^a AjjLuui (jja-lll 4-aj3 ^ j i aS C = C w (jj^ 

jlaj l$£U> ^1 (Single batch exp) j '.'^u 

(j^aJ £Ljtjil! oAA -I laJLoL .(C w ) f^lfrl! j^J^J (k) ^"'^ £_JSi3i Jxil»-a ajji JjJaj 

Z1AjuA\ j (_j jjiVI ^ u^j*^ SjIj jj (ja^l! sjLj (jS-aj t(Gel regime) 
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t 3-1 m/s jjj ^ jIjjj (v) (j-^ajc- u^j^ <^c- j-> fl.vViiJ o^aj i(29.9) 

:31}Isla3I <UajJ jj ^jJJJSJ (J^fJ 'gjjLill J^' (J-oU-a L-lLutal 

k = 10- 5 v (29-9) 



O^jfl 6.9 jUaVI 

C b (mmol l" 1 ): 1.0, 1.5, 3.0, 5.0, 8.0 
L([ims 4 ): 14.0, 11.5,7.7,4.9,2.3 

.(C w ) ^1 j^jij (K) <JSS1 JLJI <_U~ ^1 



Extraction o^^-Vl 5.9 

^Jj-aJ t jjSjjllj 4ji^j]l dlLlLttjU ojlj-ajj Ajla 11 (j- 0 ^j"' *'■»') Jj^>aj ^xJ 
(jjJJjoUJj J " j^J-aJ .AJaiUI ClAaJui alS la.tLa ijj _jLa]| ^ jjiall 

Afcjxa a :4jjJaJI dlLajjiall (_£^a-a]l Jj-al ■ " »1 7- Si » a ^ aAmVI dAAaaJ 

ciiLajjjVlj (citric acid) liLjloJI ij^aa. Jla SjjjSJI cAaaiai] - v^"..." 

jjj ■ all (_g jILliaSI ^^Ic ^/'V lb ajl dlULajd] ^.laioU ^^ill 4£. j aa ail j . (jjLuilll j 

(Bulk r^yi diLiLat t_i\3Sll <>> e-jaJI 11a (jjjliij 

(_5 j i aall o jliill V Sjjj^II cjUaiall 2j«r<\| 4jLac J^Lai .processes) 

jjiljjaj aja utS (j^-aJ . ClAj _jLa]l (j-a <Sjla J_ja._jJ g.<u,.u o^lc-j .Ajjllm 

SjjLIIj (Liquid-liquid extraction) JjLm _ JjL^ oa^UoJ Uaj (jjia^-a 
U j£-a AlkJ j^ik'un l^cLoui I jjL aOaluu L&ys j ^Crystallisation) 

Sajla SI j-o I Aja a I nt n 

Extraction o^LLLM\ 1.5.9 

' (j a^l aHuVI 4 iaj ill jj al alall ■ 111 '^j all ^yn ^iLaj j_Sj Laj3 
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(^jSjlaJI ttdikJt) ^La^Vlj AAiu& j;j<N (j^LoJ • 

^kjisii aw^/i ^l^vi 

(^j_jfujjllijjai tjjjlSjLul jjj t (jjjuojLa t (jjluiij) AjjJiJI lilt .AjJax • 

.(A,B,C) £Ai±Ai* • 

((jjjjjouiiijj) (Steroids) CjIjjjjjIJI j (Alkaloids) • 
.(15.9) J^IL 

(j^aaa JlLa ' a jj» i all djLjj^^Jl AjjouILj lllljiaa o^c. ^1 <L^la. iilLi& 

CllllLuilj 4 J^jjljjjJI (jLo 2 jj , ;-<-. CllUji^ ojlt (_UutluJ tjjjluiiJIj liLjluJI 
\» , a^L^Sml (j^-aJ3 o^i*-a]lj OJJJ^II AjjJ^JI ClAjJ^aJI Lai . _)j£l I " )1 jj ttl jl 4(JjJ jjlJI 
(jj£-a (^Lo Sajla <jxs 4 ftjajVJ oi& (jj^ • J_J^' cs^"^ CS^ 4 ^ L> a!^ Vi. ..VI 4Ai^)iaj 
J jfLivLa. (jjLljl CS^-^ '-^ a ) J"*AWJ (J^»^ J^f" tS^C- MgS04) ^la (j-o 

J jfLi^La. (jAiijI <^~w) j^' t>° Ly^ _P j l>° u J ' (PEG 

. ( jjj_ala AjjLoJI ia£/LiJI oi& J. ailj t4'm a jj£ljj dAj.la ^ ( ^jt j"' mSj 
^jj^j (jja. ^ i^lall -k» a ^^Ic. ^ J^JJ (_Ji»jVI ^ ' */*^^ JJ-^ 

I | jjj^ia (jl ifuU V (jjLaliajll .4j.pl}Jj o jjj^aJ J-aJ _jJI ( _ s Ic. (_£ jI*JI 

!(_jA ' a^i "VI AjLajU aSaJJ ^LiljC AjujI liUU&j AjluL aa SI Clll \f'jj.'^ 
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^ o^Ulu,^! :15.9 
■ (/g*J^» >a]lj t^jjiall ((^KJI) AjIj^I dlLjjl jjlt • 
•(K) J&^l J Jjiall uJ JJ • 

.(k) Jcliallj ^issil (JSill cjVa^ • 

'^■■^^ j all £jLa j-a ^jJa jj <ULaJ! aJA ^ t&ax 0 ^ V'u 

C 0 ^j 1 ^ 1 Ly***> j£ j5 -(Separation funnel) J^a ^ tL(m ) 

3 e 3 

£-a£ll (3^4 V(m ) ' t^Saj csA^ 0 ' J ji^-a (j* ^aja. ■ i\ i l&AxJ .(kg/m ) 

.(16.9 (J^*^ w j 1 * 3a ^ cs^j ^j^"^' o^ 4 ^ lJj^'j 1 " -^j^j 

lllLjjSa a (JlaJ tjlj&LuVI . (jjljjll <ULa. ^gJJ ^Uaill (J 4 -^ L>0 JJ^° 

(Partitioning J^All J*U-a ^^^j A^ull j jjjjUl ,J liLjLJI (j- 3 - 4 ^ 
<jLac ^jjij ajJIc K 3-ai J .(K) jl coefficient) 
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U-& u 1 



.(Species) £ jill jj j <^nL • 

.(i) - 6J ai • 

•(pH) ^jj^l ^Sjll • 

L-ljJ all ^jj • 



V(m 3 ) 
diji-JI L(m 3 ) 




.(j.aSUiu.VI 4jL»p J5U J^aill :16.9 Jiill 
:(S) (o^^-V! 



cL L 



(30.9) 



4^C.Luia]I J_jia]l ^g-i.iUJJ (J^iJ ^^P-y UJ^"*^ uP 'Si>l Cl±jl£ Ijj 

.(Feed) ^i«-»JI ^ '^j""" 1 " uj^' up Si < 1 lit L»l 
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Crystallisation jj^I 2.5.9 

a jajoiljj dllj_aljll <Jj>»J • £ j*i'l<i\l Ujlfij liili] 4a_iij£j tjjljjll (JlaJ AjjlLa 
La Lllc-j . U ja*-a (J£joU Lij V j. ^clijj 0JJ.1J I^A j j£jxi]l Aiill jl ^Jjaijjll 

j^sli (j^J j cAjjC. j-all ojlaill 4a.J-i ^L^jJ J JJ^P oj^aa. ^.IjJ 

(-Sic [Jjla a ^^Ic Jjj^aai] jjljiljla lillLiAj (j/j CjLi«£ Jj^ all 

. ^ jdia]l JJ^JJ «^Lj) jja iill j jVi<i\I (jLlji ^.iblii lP 3 ^) -^Uf^ ^f"Sll 
^jlc U*j ■ -*•>■ 11 Aijjlaj I g '«*- ' aljaj L3-&I j " . 'J ' " J*'^ AjLaC. j jl nil AjLaC. AjJaj 
,1*J liUjj j_Aj tAiLjaJI j| j-al! - laluU V Jjlfill <lLae jli .^l>yi\l jjlc J jla all 

^■^LaVI ij-a La^oii-j (jia (jjlj-a 100 t _ 5 lc -^jjj *J£^ t — 'L- 4 ^ f-^J 

(J!la A nt a AjjjJaC '"'1 ;^J" j 4 a JJJ j-aVlj a jJ-ljj^all CjIjjjj£ JlLa **JJ l <afc^ II 

4ija^]| <Jj> ^itII AjjLi«J^1Ij AjjV lb all jlj-all aiaa a (jjjjoijj . jj£jlaJlj jjjSjJI 

o jU- ^ II ^ & f.^gji j — 1.1a. Ajaj CjIjjLII UJ^ ^° Lllc. • 

.(Ultrapurification) aSjUJI ajShII aA&*1 ajjL^II 

. JjaxJI uLail 1 *\£ n UJ-^! — ^ j**''"" Jg a a U'"^"' LjjJ • 

jj1jj]| (jSlj . e.lja.VI 4 1$ i " 4 jl«t*. jila (_g j"u»a ^^Ic- _J_aliil) AjLaC. (j! 

' .Laic. _»A La-a J&\ Ll2 jii»J 4 aa ■ all 4_i^.LljV I CjLjJjoia]! ^^Ic. 
jj-aljlaJt jJjSIIj ^jljaJ! Jaill ^jj jjlfill jL^?J Ajjj^J! 11a all lillj 
(j-a I i^lL 11 a 

(jjj 41_dIjjui]I (_|_j-o dlLjxS J_jaj (jli tiillj cs^" *J^ C ' ^J^J"! jjl ~ij"j'll 

.Aja.llij'VI AjLaaJI ^ JJJ^ LgJ UJ^J ' V' ' a 
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AjAi Jli. 9.7 jUaVI 

^ liLjiatSI Q^a.A^ jJj,A*JLuti .^jjlail <_gi A*m,x> ^^l^jj ^LJajV (J^-*^ liLjfiuul q>\a-\ ^IjjJ ^idmlui 

jU^aiil lilt JXat^all ^5 J^-°J 4^£aJlj JjfiM laflaJ 4-uLill cljjj jJI <_a t*\3jS J^»,"h>M .AjWaII <^U1Ij 

LiiV^Uall j (Boilers) lW 1 gjk" u- 3 ^ ^ lSj*-^ dilluLdll .0 aaJLLII a^SUIIj 

^l-iiiJ Jsu?. (scales) <-4*SI ^ a&Uu (chelating) 4_uU-al! <u1j15 .ajjIj^JI 

CliLiLac ^,lVu*n .SJUj-uVI (^i <jjfr>.all CiLj-ii-alU Uila^ -^afjjJ ^ Ui£ CliljUJI ^j-o dj^J^ll MjuS\ 

(Extracellular) lsj^ ^ 

jrtijl ^ (17.9 Jil) SjjlJIj ^X^l 
j^o LS Jc gJUJI jjUll isy^ij '^jax J *i»J ^ii-JI Aspergillus niger ^ Kj^ II jkill 

^^oljj j^-U-al £=i>° 'UaU-ujJ ^jr-ilVupJ jj^xo^JI <jli 1-igJj jhfl^ ^gjj AiUjaVI-J ^-llj ji-ftjl 

i^VIS (ji^aJI t* tr"^° cJSju«j t>«VI (Jeliij .(water insoluble tertiary amine) ljSI j jj£ 



OH, + RjN R 3 NOH 3 



(1) 



OHi + RjN^ RjNGHj (2) 

tditjjLftll (ja ^iiis CjIjaS ^gic lift <_£j!rvJj (lw,> j /aJ^-ttM J^A^W r^-^ "Aj^^-dl <_pa^a. j^U"h>n 

<SU j>-aa. ^J^j U pLoll j±u 
4.J->>>il^J QA^k^HiJi^ I ^gJ] SjjLJI jt^A ^j-a ^jlji^ C-Uali -^^Sj ^-J** ^-^^ ^al.^Vu.ilj 
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aSjll .AjIijj AjjL^ajal i_iliuiV a^A jjjJjII dlljLaC. jj 

jjSa! iaS2 j . liLjiLull ^jlaAa jjl jIj -^"'J jA Jl-aJI <J jla-all jjJj^J! 

^jfcj ^Exothermic) sjjall cjcLj JcUj _>a (Complexing reaction) 

a Ac I-IiaII I^A - ^"'■■'Jj t jLulJI Jj (jj'jjJl Jc-^j J J^i J^^' ojl^aJI 

(jS-aj aajjiVI Jj 4-iuujlj . ^^jcajl (j^a^LaluiVt j a^l aHmVI r'ilj\«r. (_pL». 

jlg-a. _aA VLaaJjjl a_^a.VI JJ^I j jajoUl jjj loj^^VI °^ c " ~l ^"'"'l 

liA jJj-ll Ajbl jLuc.1 jl-j ^ill (The mixer - settler) i_iu.jJI - 1£Ll1I 
Ultrapurfication aMJA\ aJ<£A\ 6.9 

- ■ J jiaJ jll lilli Aj^ali. j J'V lb all ■ 111 =>oia]l j-a Jjitll jj 

4j]Ic a jlij Jj 4_aLaJI jjj iojlaill A^jli jj£j jl I ■ LaJ Ajjjll i3ij^ CP' lA^V' 

f.\jd\ <cli^ J gjLill t> -m^j*^ (-jlkJlj ru.M ^a (%99.999 1^?. 
Ul^> IjjL l Uujju Jll (Sorption processes) jljiaVI CjULc. a I^U 

AaLaC. ^ji r-ijll] liA (_pa^tLu CjUjjj^JI J!La ojjj£]I CjljJ^aJI <Jj^a3 jjj l^cLoui 
jljlal S-iLa Jikluilj J' aiSt <AaC. Jc JULa ^-A AjUjJI AjjaJill .Aijlill Ajfllill 

(_>ajc. Jc. ILk ^jlj 4 jjiijj c> ^=yj^ ^ :(Solid sorbent) ajL^j 

.(18.9) J£.ui3t jJaj! iJjjtljVI J iaJJJ^I o^cla ^a .L_sU. jf*. ^IflJ iaJJ^ill 

(Capillary 4jj«Ji]| <jjsJI <_iu^ J&Vl sW^l? aSjjJI J JjjIjjVI ^j^> 

JJ <jU j£-a Jiijj JiaJ <^ljjj » jjoij-all kaJ J jjljjVI J J .forces) 

tAilia a CjIcjjoli ' al St Ailla all CjU j£-all lil^pjlujj .J&VI 

Luailj J ■ aj ■ " ^jjj^all Saa 11 (jli l^-Jj .^i.VI (_>a*JI IgjJaaU (j£ J ■ aAlJj 
A^LaLal A_a^a. Jj (jjjjV! Jf^' J i aajj ,<alli-o (jl _a]l till j j^J)^ L>° Ljj^-aj 

AaLaxJ t ^a.j_»Aj (JllLa liA (jj .jjlll a J' a f'^jj Ajalk 4_a^a.j j_jlll Aja i aalj 
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.(J jjUjjj =) (Eluent) S^Vinm si-a • 

Aj^Ia o^La ^gJI dllj^iJI • -i>aE. Acjj^iaj^s 4 jj-a jjfLLa 100-10 jUa3 

a jSJ JclijJ (Iti^J^^J "(_>"LuiVI o^Lall £-a ' alia a (J^*-^ A all ' - ^ '/'J J.' M 

I^^A (Jclilil! I^A JlLa ^jic J i aJ ^gj]! dllL allj 




.Aku*jll Laljc jjUjjiil :18.9 JiiJt 

jj\ jl jj-a!^l «uLaC. ^jjoI J^aJ t _Jill .^A j tAiaj^ all (jj^ S.la.1 j 4jj^aLi. 

CjULixJI j t(Sorption) 

■ (jS^JI ls^- <J*-o«ll) (Gel filtration) ^^Jl j^jjJI • 
(jaLmi ^jic. Jjyaill tpLall aJS J&Uj) (Adsorption) <_>aL^a.iVI • 

.(Sja^l ^LJ ^ J^all) (Ion exchange) ^ jJ JjUS • 
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(^ic. J^all) (Affinity chromatography AilVl Lai j& .>jLa jj£ • 

(^JajuJI £-a LaLaJ ^f.!>ljJ d)ljJ_^aJI a» j :(J£joJI (J^LluI 

4 0 jj^JJj (jijj^JI ^jlc (JjiLujVI ojLall j (jAJ (Jelaill iaisu 

aS^SIj " -11 i ait j ajl ■ j 1 Jj^ c£.J^^' CLiUj^ajI j^JJ tS^-J 

<_Lsl*-a jjj .(T) ojl^pJI 4ji.J^ ^gic tilli^j ' I ■ U-lal] (I) 4-aJ3j ^g-il^JJ-li^-ll 
eaa]l (_Lsl»«a (jLa) ^-a jjlitLa jA J (_>»LjoVI B-iLaJI £)±l La (J' asll 

:Ajll!ill Ai^lxJLi ^»Ja j-a _$Aj .(^jLa — £jLa q a$ aJjoil 4_iLaC ^ 

K = Q/C (31.9) 



^ Lai t^LuVI si-all t> (Repelled) jiii u^jjjII J 1 iA K — 5 ^sVull 
ja AjIUJI Jj^IjjII .^LuVl Si-all JjjjjjJI <-Jiaj| jjjiia AjIUJI K 

I Lai t ^La-all ■ u ^all Si-a ^j^a^j^a . Ajt-Lioix ^LaVI Si-all 

j-aj£ll 4_i^lill (j^a a J°"' i u a jl • 

Clsljj^ll tAjjjJa*JI Cllj-aJjJI : jj-alll ij-a (j-a ft.lS.iC. p I ail tilLiA 

Jjiall Cjl jla-a Jla) 4-£jJI i j-a]l j l(ln0rganic pellets) 4j_a*JaC.M11 

.(Reversed -phase sorbents ^jSxJI 

iajjila (jjJJ^ (j-a (jj^JJj t(jl_jWI "Uljlj ^ **JJ L '--"*- V ^ SI till jIaaII <_Li»Jja£i 

Ajajj ,J - i^luui Ajj-iia*JI cjIjaJ jjJI Lai .(Alumina) Lu-a jll J KjU,„ J 
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(_! _jj ijj^ij " " " JJ^J 'SiJ^-^ '"'^ il i iaajlj Ajjj aVI (_paLaa.VI 

jLa) sj^tia CjUjIuj J c(Poly (methyl) acrylate) t> J ^jjHoj 

: jljlaVI J_j-a& (JLaalmV <jljil^}la iil3L& . ( . . . jjjla.VI jl ' j"' 1 "^,* ^ 
V U ' ~j ^Uai£ (2) iLl3ljE.jjLajj£ Jj-a*£ «dLmAuil (1) 

. (Adsorption/regeneration) 
Chromatography La! jc.jjUjjSJ1 

*jU) (Eluent) JUil _>aiu«s jljjxu c*1La aJjVI Lsl jc.jjLajj£3l ^ 

(_)a..la ^ (Feed) ^ii^JI (j« iAiuta laa S ,j j ijaaj .J jxxll J!)La. 

a£^>^. ^^>"l (4-1) UJ^ 1 " 'J** (s-l) J (I) jS-all (j-a <ix3.}]l siA jj^JJ -i2 . J j^xJ! 
Al^aiia f.\ ja.l£ (jjjjS-all il£ (Peraks) jjj £*aj jjx* (jaj JJJ-a J*J .(I) (>a 

(Peak Sjjjsll ^-Luul <_L^ail ajLe. ^jLj (Outlet) ^ 

JU. J.i*^ ^1-ikiaL J J_alJ j^ac Ifriijuiaj jIaj ^1 broadening) 

(jS-aJ .Alljiall oi$J ^ii-all jx JaSS sJ j^- A^LaS AaJLt/i j£^j .LLjI (Elution) 
(Ja. A£.^>jjj Ait . JjxxJI (Ja.1.1 ^1 ^Ai-all jpi <La^a. jSa. (jW^ 3 (j*" ^^V^ *^L) 
(JiLaVI -I lalluiVt jU t(jA«-aSj 4(j£ij 4(J_ala! J yaC Jl 4 -^1 \a jjaJ 1 a A h* a 

(_^Ai-al! JJ^JJ »^Llj t^g^Z- i£J^\ 4ij^jiall Aal»J j . (JjJaiall L_l jluiVI JjaxJI fijLal 

(Non-Linear 4_ikaJI jjc. Lai jc. jjla jj£JI JU_a ^ J ja.Jj 

. chromatography) 

^gk j cJj^J 4_a.lLa tllli :(JSjjJ! 4_nlla Lax3 jl Cjljjj ^j*-^ UJ^ 

I ■ la .Sj^ulII ajLa jli C(Ji»-aS '(j^J ^J-axll Jj^ 3 1 . Liaj! s^jaII s^A 

- lalmJ jl j£^J ((j olaaj axil) ^^iLa]l i_ij£jj ^ ^jJall (jl .^^Icl o«.li^j Ig-al -liJiuil 
.i_JJia3l A : niaa jl (I) jl ^ '"f JJ \M ^ f^J^ CS^ *~ J 'j^^" JLaaiuilj Uiajl 

Adsorption/ regeneration jj^I/^LaajV! 

4ij^)ia (JLa«Jxulj J aa a o^a._al 4ja.llil 4iUa jj£I ^^Sc. Jjj^aaJI (j^-aJ 

Ajjajll oiii (J1.atJ1i.iiI jS-aJ .till _alaaJ! S^AxIa 4_iLaC. t Jjdaall j Q^^OA I 
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JjJaSl (J£jij (_>«LuiVI S^LalU ialiijVI ^jic I jjli (I) L_l jC-^all ^ j2ia]l <j_a£j La^jc. 

dlljjaJI (J,atj.,,u j .(j^aU^ajVI AjlaC ellil ^ all <J!)la. ^^i-all 

4-1a£SI <SI jjj ^Jajoilt £-luLi (JJaJ ^g-i.iUJJ (J^*-^ (I) C-^? - ^ U ' a " ^ CS^ 4 " 

a.}La al laAml J JjaxJI AjA^j jlxj . (JjaiiS! 4 j\or. (J^Li, (i— i) J^a 4 > aAAASI a JJa i all 

sjL«JI jjx jjjSxll <UI jj (jJc Ja»j iiiii^ j aSl ■ ^ Cili (Eluent) <SLa. 

4 > <jAaaSI jIjaAj AjaIaVI dlbj-a-SI va] 0 \a 'ojj.}SI jIhj IaAsu i(_j«LuiVI 

Jjjill (jli ij laaSI AjIaC. (JvLa. (Ala. Jj^ 33 (jSe ijj' aaJI (j£-aJj tsjlfi o.iLa. 

• Ajjt i jj£l J' aaSI AjIaG (JataJ a uSdlttjl 

Gel filtration u^U^ j^' 

.(Pore size distribution) ^j^l ^a. <> j±M ^aa ^l$JI lSj 1 ^ 

V (jja. i^LjJI i_l jSJ J!>La. jliill (ja n'V'i ajja ■ all dlUj^aJI (jli lAgjj 

A£.jjoij iil_)ajj ■ all CjLyjaJI jli ^^-J • <-^-i (j* °Ji?^ ( "- j ^L)?^ U*^ «Ti 

L_ljjj LaAic- : Lg ^S^\ Aajl ^1 ^IgJI -^U,,, ^j^aLuaA^VI (Jjl&j ^JJ ._)j£l 

1,1a. ^jILa i_n£jj ^>lg-JI ' l"a 1 .1—1 jSdll ^ .2_aa._aA]l sLaJI ^gi jij jjJI dlljjja. 
(j-a J tJj-axll A_j ^ j,a,i.h,aII Jjiall j-a AAa_l Ia& (jj ' H i ■ aj^ 1 aLIS ^^Aj 

'd p =0.1 — 0.2 mm 3 ma SI jLa 3 J\ Aja.i_a.aiSI ^jaSI j] .ciilc-jjudSI 
. J*-aiJI jl jjj j 0= 2-5 x 10" 5 m/s ^jUJI ^ 'L=0.3 - 1mm j >«JI J 

Partition equilibrium J^aill oJ J 2 

eJ ja. ^jaJI <ilubalt .(F) Clli t_sL}3l j-a 19.9 J^S' f^M' UJ^J 

t_iJ3l J _a^>jll _> jiAjj V ^ jj^SI jJJjjJI jSja jl .8 UiiAJ i-aUSVI OJJ 
^fl ^jUSI li ^jIaSI «-J>a. (jli ^jJc-J •dyJj^SI __>ia3 I L> aj (j-a j^^al AiLuiAj 

(jli ^^Vl dljjJj^)jll ^_gJJ AjjoiiSlj Lai . CjLuj J^}jSI AIxjuSIui ^iSI iaS3 _aA (»^Uj-SI 
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m = exp[-(l-£)(l + D/F) 2 ] ( 32 .9) 



(Retention cj jUI J bift^yi 1^1 »j» ■ -\i iiAiijaJI £±**. 

i JaSa fMg-ll uj^Jj '»J£^ ( ^Au?^ ^jjouIIj JUJI ttime) 

liA jUaS^I (_Jia ^j-kij -^O^ i-sliWI jia3 (_>uaj IgJ ^1 CjUjjaJI 

Sephadex TM JliaJI ^^Vl ^1 ^ ajj^ jA 

.100 kg/m cUi ^jVj- ^ 4lL«U o^j G100 

cjVjLiJI (JjSjj J (Quaternary ammonium) ^ jjj ajcIjj ^ 
AjaJill Cjlj CjIjjjVI j) .(Sulfonic acid) tiki jALJI q^a*. (j* '<izJA\ aJLJ 

i - \\ ja j 4.ui£It.<i]| sj^JI CjUjjYI (jlj tjiljjj (jJ-uiVI s^Lall 4 ia A g J uj all 

Cllljjjl 4.ui£l.T-rt]l CjU jjVI (jj^ .A^jUSLo (jj^J (_>uLu:Vl a-jLallj A lafjj all 

.Jjla-JI a.^UJI cAjj!y\ JjIa2 (Counter Ions) 3»£U*\I 

( aLjlVI J J^ S^lj Aiula (jj^J (jl 1 111 '""'JJ.'^ C^iJ * ? " (_yiLujl t _ s Ac (J i afljj V 

.^l ^ t> %10 ^ JiJa J u^jj (20-9 JSJ; jtsl) oi^Vl s^U ^ 
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q4 io 5 M«D* 



■<y&tl\ ^113 jj^l J-aa =19.9 Ji^l 



^Lj^ll JjLjII S Us-, 4_aji ^ Jai 4 A jj\\ Lajje .(4.9 (-j^ j^) J <^ 

jjjj Lojjc. JJJUJ I i& (j^l j t^Ja. (jj^J (jJJjjjl] AjaU^all 4 la uill jjli (pi) dyjjj^ 

t_JLui ^ jjl J-iLuJ (_j aSlI A.H..JI qj .(pi) ^Lfj^l! JjUjII 2 US; t , j c , pH 
^Lj^sUI JjUjII a laaj ■"'■«■•'' .(21.9) JiiSL A^Jajx CjUjjj jjl (_paxjl (Anion) 
5JaSjll si* jji (jSl j . jalSjj Aiauill (_ja. jjj jjJI jjSj (Isoelectric point) 

' -1 la j Ajli 1 ^ \j tAja uill l—liL jijjjJI ~ j ■ aJ 

ojall Aic. .CAjjjaJlj a-laj £jLall A ■ La AjjjjVI ojill (jjS 

jjVI (JjU-all AjuoJI ^ la *' a (jj Clll \T'JJ.'^ ^^A^ * JJ* 1 CllLj_ajV I j»_aSJ 4j11*JI 
<JlaJI ojA ,j 4 la uajl l_l3L all Jjlj-al] ol j-a ojjji-a <Sj£aJI ,j _aA d la uilt t_±a.j-a]l 
(IgJ 4_j^alaJI ^Ijj^Slil A LSj <a}2 (j-a Jsl) 4 la oJl 4_ia.j<a dll \f'JJ.'^ (jji 

. Ala. (J^joU iaJJ jj 
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o 



QQ 



3 
O 



5 jjlll = AjjU OliJa 
fSU jo-k x 0.1 




(oj^i JjLu) 



.<J Ji\ JjUJI :20.9 JiAH 




.Sja-uJl tJLu, ^jj) JjLw -.21.9 Jiwll 

Aj^oa^ sjL» .(ligands) -M jjll J (Antibodies) sjL^I ^L^Sm 
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LljSJ al i a^a^Vl ojLal jj .AilV' al ■ -"■ J lytol La jA lift j .4 m o o.laJj 
(_£jiaj jl 1 £\\r. jV liiJij t^gjjjVI (JjLvaJI <-J j£j j-a ^gja. jjSI jj£j 

- ■ aa ij <Lial£ 4.a»l.i.ib<i j2 jj I . liSaSj '"'^ *'j"'JJ. ' . ^ f * ^ ' ''" ^Loi^VI 

JaijjJ . jjjj^)i]l JJ <luij 4j_)aJ Ajuiaj £J-a J U^Ai ^ ■ a all 

ajAij .(22.9 J^juill) (Spacers) ciLoli (jjjla (jc <— ujII jI^h o^LiaJI 

(j^aLk^a^l _>f^i • <_5-^*-°^^ tllLljSx £-a j£-a^> (Jclij (JSU ^l<u.iJ ■ lua J 4j-i*J (Jj^Lill 
jj^Jj LlK J jaxJI ojLa - laliuUj I^A ,4'm a CjU j£-a (_L-aal A^jja AilVI 

alaUm all (j« Jais Ailia JJ Vj 4jLa*JI ^liaJ tlj£^>-aj Uij ^ jfuall 

jj£-a J£ (jj i JSLLall <_>aj«J ^Ij" Aijiall oAA jb Laic .(Ellient) JbJl 

4(jxs!il! AjIIc- (J^al ■ ^ ojLa (jj La£ t4j jj-abk jLja* Aula jJ_alaJ JJ J'baJ 
J i eaSjj jl (j^-aJ (Jj^aljall j! LaS 1 JJ1 J "J^ a jSluix JJC. jj^J La bllc-j 

.squill J jl^aa La-a (Detach) 




o^L^aJl sjL» ljjSjj :22.9 Ji&l 
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Innovations in chromatography Lit j&jjI»jj£1I JU-» ^fl cjlcljjj 

l^J j| cljil jc. jjLo jj^II AjLafc .j..'"'^"' »J»*'»« J J^-^ c£lljA 

j_jla£ IxjLo a lalluU (j! Ll3l jC. jjLajj^ll (j^-aJ . J»ia3l (4ill Ll3l jC. jjLoj j£) 

(Centrifugal j^j-^' J*«aall Ldl jc.jjLojj£ s JULall Jjjjoi ^^le t jal., n<i 
(jjU-all t^'j (jjUiaSSI oi& a^'u.n .partitioning chromatography) 

(Stimulated moving "SjUaJI 4£j2^»ll jj$-»ll" j^^I jjkill 

AjjUaJ^ll j tAjjV lu^all j i4_Jj!iill LlAcliuall <J £jJ j J*S>*J - iklaiJ beds) 
a iaJLiaj ^gjll 4jt3lll <aj^)iaj AjjlLo^ jaLh« J£joU ^I^C. jjLo JJ^II J l aill J-It.Ju 

<kJ jj ^il.nfl jjUl S 4£ >>j .(23.9) JSJtfl jlal «(UaLpct 
(Raffinate) Ajli^W J u^"""^ j 'ls^-^ j (Ports) iaUJI jjjJu 

JjJ jj&lt Jill ixilill s jail jj .Ajjliill j j^JI j-a (Carrousel) <J 

IjaxII dlU jS-o JtJIi.iU oJj^^VI (jli '-^-JJ '(^l 4 -' UJ^ ^>-oJjui-all (jjiSbt-all J^pl' 

. J»iaal J^joU 



n 



T • • - 



III 



4 jli<i Jl 3^ 

B 



lilt 



Desorbent 



.S jia^l jai»JI J Lai jfr jjL« jjS :23.9 
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poo 
C D-MH 



O' 



100 




70 m 



I / 

Lli> 4.5 m 3 

^Jji 0.5 m 3 

£JUJ> 0.2 m 3 



. jaa n\\ CiiiJi^A :24.9 



Sequencing 



CibuUill AjJau 7.9 



£-a jlg_ail Ajj£^JI ^Jaall J£ ci*-^ 1 illc. 40^1^ AjlaC jj_alaj (J^V 

(Downstream) lSj?-<^ J**^ CjUJU* ja Jllall .^j-s.^'i jrl^j l$j£lj 
l^jV Sjj^ ^jj^j fjj .(Intracellular enzyme) ^jli. fjjjV 

^aa all (jj^s (jj^JJ •c5^>?- a ^ (J^"' dliajlaua ^ 4 IS *■ alt < 4 LiLa SI ^ t^jJajjjj 
4iLiaj 2" j"''"^ (j-o -Iaa2 aLIs ^J-aS .la.jJj . ?.Lall (j-a ^^joUJJ (J^jolJ (24.9 (J^xill) 
Jl£jiVlj -^r^V 1 t-ilj Ajjjljll 2j, bjVI £j| jill CjU jLo j-a Ja»-a kjla 

;Jaai CjU jSxll jbj&VI jJ*J ,'vUua kluaill Ja.V J 3 alia all 

i(_£jaJ 4-3-li-a jl_a<a j ^^/Lal ^a f.La • 

.Lj3L»JI f Lka. Ljli • 
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JSjjII jJaj! iAilia-a ^Lj^ Jjl*J ialajj 4j«-JjVI CjLajjj^U 

JSjujII ^JJSJ .<jjajj I jjlfrj 4j3 i_JjC. jaII r- jjiall _jA 3 ^3^' ■(25.9) 

4j\flr. I g t^^tLylgJI ^Jjoijj]I -I jaJluil ' ^)J^I (JjjLoiI (^gJc. Jj^aS 4 jl<if. (25.9) 





f U t 4<1 V 




95 m 3 


(0) 




1 3 >^ • 


pl =4 


0.1 m 3 


(1) 




2 5 >»^ u 0 


5 


0.1 m 3 


(2) 




3 5 >*»iu O 


4 


0.2 m 3 


(3) 




4 7 >u>u A 


6 


0.1 m 3 


(4) 




U5bJI UUj 100 >9>U X 




4.5 m 3 


(5) 



.jaLA (J AiuJI u^L^a, :25.9 <J**M 

J laluL L^aJaaJ j L£laJI 3 La La j 4jLaaJ! I^JJ .100 111 /hr J^LaJ JJ-ai^B isLa 

.(Intracellular) (_s ji^ J^Ui UjV (Homogeniser) ^La-a 

2 a^alutJt 2jUall ^Nfl"<,„l i 2 i\<\\ ( y a S^ j 4 jJxj-a aLaj^a a_aLa. lilliA 

ajaxul jj a^c, ^.Ml 4jUr. -(3MW (jj^ <j' (J^J^) 4li-LaJ j Aj^>iiil 

.(Filter aid) -i&Loui J^le aiL^u •^Jj^ a 
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^jaij-all °Ji?^ ' 111 llja (j«a ^jjijjoII ^cLouJI (J-olstl! (jj^JJ 

(jlasi ^Lal <LaLji Jj^c. a jlaa ^1 4_a.la tilLlA . (jjajll jxs JJjflui lj£Jj tA-LaLuK 
AijLall Bj)\ jjll 4jl j U , „S/ 1 ^ii^a al-lajjoil (j£jaJj .^joij-all A£*£ £x> ^joIaII 

.OJJj£ ^JjojjJ 4->l nifl 

AjjIa t-jU.<i£ ^-HJ ^ ^-uij-all (Jxlft (J ^ ^aJJ 4-j.uUJjII SS uj all jl 

dlljlaaJI ^aAl jl jl cl^'XlU-a jl (Ig-U L-lxj aj ^ill 3 A* alt I " ^ i gill j-o 

^^g-ail^J! ^lJjjjjII jxJXJ .j^JjjVI (JjIjjIIj 4 t _ s -o!)LgJ! ^lJjjjjII ^^A ^ajjjYI AjLoC 

3 J 2 jj-aJ jjVI c _ylc ^jjaj LlLajoi j Is-ja. jlj ' ; Ijliaalt aa - fl i_£)lla.VI ^ylc 
.4 ^»jjjYI <j £ " 3 J 2 jLajjjVI ci" 3 ^ jAj tAjJT ' a J i aall dlljLafc J^l ^ L_ljilax 

4_a.laJjjiA]l «.Lall 4_La£ j cL-IjILiaII Jj^ulII (Jjla JJaJ | _ s j1I [ _ ? A ' A IS ua all o.!}A j 
(JS jli . jj£ JJ jl ■ S-lia "' lilLiA (_>ajl 4ja.^ j-aill ( _ s -aiL^JI ^Juji J^ll 4-l3 ■"*■ c. Ijjl . (JjjuuI 
£\n aa a ja.1 IjA j .4jji_all ejLall aa-aj jLuui j _jfL Jj^mJI t^JJJ e ja. 

jjSj 1 aa a SjIc ia.jJ jliuiaJl-J SjLuiall iaJ (JaVj .(_£jA-a1I j»aaJI i <1 t i ?-il Aj^Ij 

4 Sjal a all j^o^l^JI ^cjjjjjjll aja ■ <uLaC J^La. aJJj .^ji-all ^aa. i '<!■». V-il Ajoixa 

(JSjuoj Ajlllll (Jxl j*1I ( _ 5 1c. 
i^jjoall ■ . uSjp • 

tal 3JJ all ja_a. j 2 ^ ^ILui all ^"^>LgJI ' 111 Jjja • 

.£jLall 4jCjui • 

o!)lLall A£*£j A^llii 4 a Sali aj AjijujIj i ■ Ual JJ (JJJ^J I^A Jjil 

4jLaj,J| ^laaj .^KAa 1$j3 JjLull jjluull ^jjjil ^1 (Pankake) 

<a.la lilljAj i^J jjVI JjIjoII e jJaa. JMa. 190 m Aaiaui Aa.Luixi ^Lj j^-o 
i _ill , ,. ^jjI JjLlo al lalul j tillj «-lja.j (jS-aJj .ia93 3 J 2 (jJ-ajjiVI (Jj-aS 
ialjjjl (jj^J (JJP> (-S oj^J 3 ajjiVI iajjjjjjo <llaJI sjA .5 i£j\-^ lsA^JJ 

aSjll c>aaaj (Regeneration) Jj^jJI 2 fUj&l 
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.ajsI£ jl 4±aj jjsll '^jjjjU ojtia <JI <xjJt\ cJja cii^ ^Lj (Eluent) 
^jJijjll CiUilj (jx jjSi a*^ (JjiVl JjIjjII (Resins) CjUjjIj] 

• (26.9) (J^ .' ^ a 1 '-* J- 4 . Cjl ^yuic ^aujjVI jj^JJ 1 ■ (jl 



4m 3 ^U2I 




3\1\\ 



.Ajludl ^fl ^jlk>ll AiUaJI j 2LkU*»]| j j»Ua,Vl :26.9 

^ aJlj all C1l>Li <aij| j 

t^ijJI Aj£x<. 54 m • 
i^-Ail&jl ^ijjll (> c^Liai 500 m • 
.^jj^I JjUII j> 95 m 3 j • 

^Ua !(3000 = E J-lc) E jSJ-B ^ s 3000 CjX^ill ^ ^ 

• 3MW jJti AiUa Ji.J> Jl *iLil tf ^ll (> AljU CjU^ Jj ^UU 
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» jUa. (_£}La. (j-a ^^ilgJI ^Jjoijlill ^ (JdJtljuball £jLa]l 4_La£ (J^J (j^* 4 ^ 

-7- a (Jl j£a.l ^1 c5-^JJ I^A jl .Aij^)la]l a-l£J £jLall jLicI 4.T.uij <UI jj j£/sJj 
.«.Lal! 1 - , Ua ClAxaS (Jljla.1 £,a iCjIjx jjic jt iLttj ^^g-ailgJI ^Jjoijlill J j^it 
g J ■ aJ Jflj jjV! (J^Ldllj (^ailgJI ^liijjll I—IJJJJ JJJaJ ^jJaljll __)a.YI jJjaiaJil! 
Jaai jj^j jjl AJI jl ^1 jrtiadui {±£1 j iAJUJI sjlA <J I J&l ^JjVI J-iliiil AjLaC. 

(Jljla.1 1 ( (Jlc ajjjVI ^^ijj 'ij^ **JJ3 T" " '^-^^ -I .,1 5J1^, 

jA 4j£^a]l CjYLaJa.YI .la.1 jjj i£ *■ a ^lxuj^II A£*£ (JlLaJj li* CxZLi aill -7- a ^ 
»_»Jaa 1 ■ UaJ I-1$-JJ ' _JJ aaUlt (J}^>a j-a sjjoiI-Ia t_ljC.j,all j all al 1 a a ^ 

.Ajj;iaJI 4-ajla "II J] Jj^^ll ' " 1 a3 (JLuijj j£-ajj .^Jjaijiil! 

j£-aJ (j^lj . jliuijVI (JSLia ' . J jAJtll /^i al 1 OA^i\ f-l^?.) V 
(Slurry J jSII 4jilla (_>al . ^kOI jl j-a a laluij <e jJi. J&lLa ^a 0 jl jaJ 

j^aj (jjJI _&a jjfl-^'ill ,*jLa jj .adsorbent) 

j! (Laic- . dlU j£-a]l j-a jajla al 1 a a aJJ 1 a jlLall J^aS 4_iLa*J LJliLa jj£j 
CllULaaJI (j^s ^_lia jjl Vj ijla-all li& ^jfrl li aj| <jj_&a_i]l 

jl (Poisoning) aj.«....u t*llj -H j-aSjj .LiLac JjjlaJI li* ^jjj I»aa 

.(Jclilill ^'l- 1 - 1 ^5^)^^' tll\jjSxll 4 LI 1 "j; al 1 a c ^ I ojLa L-lb up 

ojUj ^1 1 .' 1 ^ ■ ; ^-a iiljl (jl Lj!>LaJI -1 iaa 1 (j^-aJ 

.^xi^a ^C-Lui* ^gJJ 4_alaJI jj^J (_gJa. ^Jjoijlill lJ*-?^ ^- a - a ~1 laaJI 4 lUa ^jiaa 

1 » aJ ^gjll j ojjj^]| 7- "II Cjljjl^ll ^gJI <luulU ^Jjoijj]! d SS a l«jJa 
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J «da all (Jlaall Ailjiall oa^J AiaJJ^all 4 SS ulall j .Ajjla. (^iLajjjl 

a j-^ all £jLall j jlill (jjj ~ a i all ait ^jjiiU 

tJ-li^ j i AjLoc- jjL V a3 A-i j all dllL^a jll aja i au j) • 
44_ajlill i - pi i ball ^jjJaya AjLiauj jliic-VI A^VI 
iAjLaxll (j^i Sj£i« Ala^a ,j aa a II (Jl jla.1 f^l^^a.) 



jj) ^jJI CjI^cLu^j (Intracellular) JiU jrl^yi i T jiajj • 
Further reading IjS 8.9 
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Answer to assignments u*jJ^ 

9.1: 6,2,1<1 

9.2: 1.59 m 3 ^ 1 , 3,20% 

9.3: 8.82 x 10 11 mkg" 1 , 8.78 x m" 1 , 22.14 mV 1 

9.4: 0.12 kg s" 1 , 1.2 m 2 

9.5: 5.59 x 10" 6 m s" 1 , 12 mmol l" 1 
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Measurement, Monitoring, Modeling and 

Control 

Bernhard Sonnleitner jji£Uj«ui JjUjj 

Ziirich University of I '^jjkUl ^^kU jjjjjj 4x«L> 

Applied Sciences, Switzer land 

Introduction A^jL^I 1.10 

Ajjjill (j^aLa^VI j\ CjLajJpVI iaUiij (JlLa AjjliJ! I - ll U ujjll (jj 
oiis (_>»Aj3 (JjaJluU ^"i^. jl L- Ixj^aJ laa SI (j^J ■^-jj)..'"'^ ClAAmjl fcl.ll .l-laj 

tAjjjaJ! aJj^II SiliiS Jila 4 iw a CjljjUu-a JJ.1SJ jl <L)ii!j-a 1 JIjIIjj . CjUaLiil! 

La Ullc-j A aJalalt CjLy_)aJI jl 4£cj! jjll jl iAjljVI .ll jl tAjj jajVl .ll j-all jl 
^ |jjj . Ijjjii jjilia ,Vm AjJ aaul i_sl.lAl ^1 ■ <3jj Ajulall CjI jjtiial! oifc laJ ■ 

jjifc ,J Ljlaojoij j (Models) jLaj jl «jm jIj&I Lylxi tiilSi oS^ij 

iiiUiS 1 iuc. .AjjC-^yJI Ajlaxll i_al.lAlj IfrjjSlj* jl Lj-uiLjS (j£-aj jl! CjIjjUiIaII 
(JSAj '■LijC.jJi i_iljAVI (J JJjJ Jill 4iiUll Cllj AjloijuSjll ClljjUlall J£ Aija-a 
.CjI^aVI »AA <J Cjljjliiall oiA jjiitj 4 ;°j< Aij«-a iilSj£ jrliaJ j La£ t JUi 

Terminology tlAaik*A>fl 2.10 

J tjSLaj .L>aS J /j Lftjj jjUiall i_L-o j J*jj : (Measuring) o-"^ 

jl 1 jS! J aj£ UJ^i J' (_>"Ll*ll U^-" 1^* (jj^JJ 'LjLjj2 lilui jjliHall QJr*£ 

4 ;l;W't jj=> ^Ia^IuiI J 1 - J'LsJ' <uLaC Julxj . ^uiLillI i ■ '» ■ aJ Us Vir. j iLjjj-. 
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(Known aliquot) Jjj^jj t jjSjkJI JySjj oAjs] 

Glucose ^l^iujLij (i_jIU) (jja^jVI Jj^-jj P-D. Glucose (> 

<_>Jjs i_iiaa ^l-ikioL IL>.V c5^I H 2 0 2 j Gluconolactone ^1 oxidase 

jLu o^a. s jIjc cPW^ 1 uj^j -(Ampere metric electrode) lsj^ 

AjjLloj^II dlLiiJaLi^I! ^ji ^ -I ^llml J jj£jlaJI jjSjjj Aj^aj (jl 1 IjS aJ ^jIjj^S 

.(Kinetic models) 4j£j=»JI ^ iLull j J t(Stoichiometry) 
j> ajUxJI jjc CjU jLm (^ic Jj^iaJI ^jja :(Montioring) 4j£I >»il 

(jjj (j/i j ' ^ ■ aa uj3| jl jAllI (J^Jjll 4_a.LaJI jj.S 

.4-lLaxJI j>a ^jLaj L-lauoi 1§j3 I ■ llLaJJ jjjjt dlV^aJI (_>*axJ 4-JSlj-all 

JjSj jj& ale i_L^ j : (Modelling) jl ^n^'ll 

LiA ^liij . jj£I jl j JJjljj 4 j!i£l jl .la>l j ■ ■ Ifui jjj j!i£l jl oda.lj 
jl ^JjSjII JiLk j-a liilj aJJj .o^jLo Ifrbcaj ^^£1 ^jLajll jl i all si* 'ojjl*-a 

JU^bll liiajxAj jALkjj ^l tt_jjjjlll <LjJ ji ji (Calibration) SjjI*JI 

jc. A Iaj i a a j Aalli^a jj£j ^^ill ^EjlSill j-a £Uila-a 4 lajailjj all oi& (jxs 

alll jl <^Aa13I (jli ijljjuill li& ijiA .oj^VI ^^Ic- t-JJjJlill jl aJjiill 

.lao li-lis j oljl 4 lal i ajj 

i4_lLa*]! jjx ^ aaljjixll tllLa jLuoJI ^^isJ :(Coiltrol) S jjgAuJI 

jl j i _ r lc JaliaJI A^LaxJI ^jic l^al^luil aJ (LljJaljj 1 ^"'-^ SIjlx j 

o^A ^ISaJ V 1 SfuLO 4£.jjJa j-all Jalail] (j£aJ La 4_u)LLa]l till JjLilLall 

dlS j\) ^^Ic ia!i*J ^3 to jjjjuiallj 4jjIj (jj^J (jl 'Upli ^C- _a*ia_4-all Jalaill 

•LSJ^ dlljjLiia jl/j 
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On-line ^ln-all 1^5 Ua 2 2£UI cjlj dil 

(jjjJI <_Wj«j]I cs-i*^ lS-^I Off-line <^c- jAj <_s£jjL«jjjI 

k^i Ji.b ,J jl tUjj-aa. Jeliall Jib ,J .JaJ /ft SitU .(j-aliuiVI Aia^l jj 

C5 ]& JclLall ^jU. dj^j J*i ^iVhuj jjjatj By-pass jjiil J 

^Uj ii .At-line LsLjaj 2_Aax]I 0 ia, sJe-liJI j* jjiLa ^bj-aj 

CS""^ Off-line Lai .4ia ^jj j| Jc.LLa]| (_£jil oja ^tlla-all £ j _axu]l 

JjJjJ .!Ala (Jjlijll jjILaII J] tjil jjxill ikl J*J Jai (Cl 

^Ijj .SjaLaJI jjc SjUiVI Continuous signal Sj aLouJ I SjLiVI 

^jiiia-a jjc jib J LiT (Real-time signal) Jziz^ CjSjII s jLiiJ 

jl jj^. tajjaAmll (j^aljC-V -lii. (J£joU 4-a£>La ^yej i4_lLa*]l A '^J J jj 3j 2jjLLa 
ojlajjuil] 'i^jlill 2.<ujr. jl Jal jj£j ^3 ' ' "'J"^ Cli3_a3l jj.ll jl £-a ojillLall ojUiVI 
Vj tjLu AjLaaJI jjjj V 2 a^Lui^l 2jKU'\l (jjjjall JjAxJI .AjLu<JI ^s. 

2-bj^a jl Ajliljj JJC. IgjjfLl ^jlal) O.JA (J!La t 1 i r-i jj .ej jil £ jLaill ( _ S J& 

t^ijAill jj£ J^A? jjjj tij^ (Jj^ 3 lH 3 - ^ (Non-invasive) 

4 ; i ii i 11 4_jjjaJI 4_a i-V' i ii all liLalt jiai jj£j (jl ' , '7- J 

Ajjj^JI AjLaaJlj iaJJjjj 4 j-al p** n _>^-^ (J-a*^ jl ' . '7 J Jl ALIS 

_jA j iijjjlj]! j)^i AjLaatll ^-jLa^ J-aVI I^A j3 JJ .^aj!>La (J1l>L^3 j 4 U, J jj 

.(Biosecurity) l5j^JI f*- 1 

t^jjl ■ 'il jl 4j»Lil oAa! l^La lSjj_a^ j dil -v"^!! jj£j jl 1 . '7 j 

r'ilj\flr\l Ig-J ^"'1 ill jS-aj 4jjla i . — i dil ALiLa dilj jj^j jl ■ . 't» ;j 
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p 

1 1 



»jU<1 jUJl ^uS JJ 
> 




(rpm) 



^ AjJ*1!I Jjxa = F Ls^afr jjjxj l _ ? jJl AjjjaJI 4jUt It Ciljjlila :1.10 JiuJI 

P itjjlill t^ja-uiaU t^jjaJI Li^l =p0 2 ' JjLulU pH 4^uS = pH dai^l =p '(^iaJI jl 
»JJ J ) JliaJI lilja-a A£.j^u =rpm i<jliaJI ^Sj^-a 4jauljj Aj^-uiSI AjiLj^SJI is = 

= V L ^i) Jj«-» =vvni i JjLuJI 'Jj* =T i(Aiiaj 

jjixA* Uj-ifr ^311 tiLyuUll 3.10 
Measurements generally accepted as standard 

(j^-aJ .(LIO (J^-" 1 ^) "SU^^ L>^J ^■■'^-'"..''^ J' 'S^O^' CjljjliLLai] ^g-kiLUj 
Ifrxj^a J-a ^ j tjl i Ofl Line \^0~a JJjl ^Ljjall CjljjliiaJI aJax a ■IpaJ 
AjjJiJI tllljjlilall Lai .^JjiaJI CliijJI t jaLulo JS.oij jl Situ) (c^VI 
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. dlSjll jJaLill (j^i Lj.2j !)LaC (JaioU 

^uui j8 jjUlLJI :5jj#aJI <l£Sll jjS jj 1.3.10 
Bimass concentration: The key variable 

V oJ" f 1 -^ c5j^ u!j -(Biocatalyst) 

ClilL^al jm j\ iAKjoi jl 4ja._j] jj jjall Axilla, jl 4jJl*i 1 ■ aj| (j^j iaS3 <_JiLajj 
1 '■» ■ a AjLaC. _a& LlC._jjiia_tt^ ^LjjaiVI .lj.laj (jl LaJj .(_£^>a.l 

jl jaIII L_i»-a_al 2 ^ ^"i, „ iljjjaj t4ji ^-ilj^)31 i all £J-aa. (jj .^jiilall 
CllLiaJjl jlujl jj-a ^jAxJI ' ° La£ •j=>^-a jJ«ILa£ 4jjJaJI aJuSA\ jlaj ^ jiilall 

I jj LajS liaV ^LuMi j aifyl .laJI J] AjjJaJI JJ^JJ O^Ljj ^1 SjLjjJI 

LaJa i ^ <illi jl£ 

3 i es^*^ '^J - ^ ^J^A 3 J* 4-ljlaJI <Sja3l jj^JJ iSI jUx-all 

j| (_^j£j<a]| .lull A iajait jj L£>LaJI (_L^a3j 4£.jj-a]l (jjlx-a ;j-a "Lajlxxs A^La£ 
^lii ajl^>a <^ c - £uLl (J^joU (jjjJ ' I * "' J ^-^-^ lL-"^- ^ i^JjjSjjJI 

<Jla jjlaiil lilljj tAjLutll (_LutLnAll (JjLJI (jLic- 4-a.j.s l3j^ '— 4 * 1 

> ^-i diaj 105 C ajlc - ikluijj U^-iJI ^ Sja C- ^ (JjLuiil ^ jj,t..jJI ' ajiSllI 
f.l_a^JI ^yn <C.^)iaJI c_ij^)]all ^ oj!^)^ J laHuil (j£-aJj iAjjLal! JaLuj^U (jSj^- 
(jS-aJ t^l»iij!i]l ^^Jc- jl t—ljfiVI /ji AiLiJI (jjj -^J-liJ «i«J .(iaSS 

^jjjja ClUj^a tfJLlA J lij t^-L^aVl jr ij-aill ^'<^ jj^Jill L_)L«a. 

^Jc Jj , \l (j^aJ AjLafc J!>Li. Cli j£j dllluijp jl _J jll iajtu _al! 

^ ■ - )1 la uj -I lalml J ' Laajjl AjLaC. ^JjxuJ (j^-aJ .Jj_aia Cli3j JJJ-a .IxJ Aajlill 

4 (Microwave ovens) AjjjljLall CjU. jA\ J\ jal J *l j-aaJI c^aj aj^Vi 

J JiaJ 4jjc illSjJI (_fl <il VJ 

.Aii^ 30 j-a JSV j AjLoxJI pi ja.V fJ^UI CiajJI (>a 
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AiMe jlaJ JLa (JjaJ <ll.ll (JjL la.jj 
AjJajc. ^ j Igja. AAjjlall alio ^llaj .AjaJ La!iLiJI Jlo J L£Lki! L J£1\ 

p.!ilc. (j-a ^£.j]Ij) lla. allia jj' all Jjiaa] AjJlaJI eJ}£_a.VI (jj^J (jl .UaiAS 

cjjjii diaj Unc. £-a lil£jj V L£UJI aL£ Jy^'j^ AjuAiJI jxjall jl ajLiVt 

oJ^)La Aj_ala. aL£ Cllli livli. AjxuUa L£)Li. La jtj a^3J i a ail jjc. AjlaJI 

.alC-LllI - 1 SulLluVI AjlaJI ai& JlLa (j^l j tjjjlAj I . J 

JL^j ^ jk jSmI (OD) (Optical density) ajj ^Vm' 

' '*'"' (J-^J ^-^Laj AaJ ^1 AjLulII a 14 ^liaj .^^iioill jLw-all (j^s Vll (^-"-^J 
(Tlirbidity) ajj^aJI alui ljla»J (j^ij t 1— ImLio t^jl-i -I laJLml 1 JjL^i]] A-lmlia 
y <all I jjJall jW? - -I iaJluil J A qU all L£)liJI Ajfuilal! 

AiljSlI ^ (_>-£xj .jiajjU 600 Jlja. J_^j (Spectrophotometer) 

t _ s £2 llg-ij j ■ <aB A_LaLaVI a^jl aJ mVI j! j"'- jlll j 4(jjl£xjVlj '(J-aL aLaVI Ajj jjjall 
AjIa^II Jja-.J ^Ic <il]j£ .laJxJj tLilaJ! l_]U aaJj l'iiII j aaa it | _ J ic Jlojjlj 

(J$l ij^g^jj^ij ^Uaj j_aa.j Ait . Jjla-al! j^i AjaJI LiLaJI jjc. (j^s CjLjjaJlj 

4jj£]I jjSjjI IxJJjj j lla. Illia IjJlSi k"" 1 Ajjijjl alio (jli t J^jia (^JJa. 

. AjjjaJ! 

AjjLwjS jjJjIII j ^IjjjiJI jjUI^I 2.3.10 
Physical and physico - chemical variable 

^kj^\ A-aj5j jlill (jLljjaj (jA»-aj tAMgHui all oj^all jl (jjliiJ] As-^yxj lax i <a]| j 

^llij Sjl&V a^iia IxiL Aai.hL.uV I dll jUaiLall j<a ^^A (jaiJl A&jjjj ojl^jaJI 

ajAxJI i^JJ .ILLui dlaj^l jgll! (_£ja.VI ClI jjlstLall ^jit SjiaJjoill AoLaaJI f.\l\j 

ai* jiiau .(Exhaust gas) ^UJI jLUI CiL j£a Jj^" tAjcli^ll CiLLuJI ^ 
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La£ i JclLaJI (ja 4_ajUll jlill t— ijL aij ^A*J jlill Jjlau jl^> jY Aial AjLaxJ! 

ijixj tiiili ^1 AiLial .(2-2-6 Sjaill jkil t RQ (Respiratory quotient) 

(ClOSed-lOOp Aik^H AiajjiiYI ojja.UJ (jj -S-"l^ jjr jU>.a.« al ikUj 

tjljjxu Cj^Ax-oj tJfcliJ] (jjjll J) j^a^JI Jla tljljjlilall ^Jc COIltrol) 
t _ s jll AjjjaJI LlAjLuiII ^lail <Auilat jj£j A3 Jcliall qa La.j^a. j Y ja>J (JjI j-uill 

. jaLhaII ^Uajll j! 4jt3^]l ^Uajj jjj^Ji 

Afijljuxa AL aalo dlljjla. ojlc. lag ■ call j ojl^aJI dll uuuialc £jJa jj 

~k>» " (_S J^SJ . (JclLall ^ ^kial j jl£-a ^ -iaJJJ *J ^ v V iVjslI (j-a 

o jl^aJI (_pa _&au ^^£1 L$j' J^ J4 JJLa (j^- PO2 J u'"?" JJ " P^Lr' 

jl ^ ^jll ^ySc cA aA*13 (Gain drifts) L_Lut&all L_sljaoYlj 3 jajjj^l 

J 100 U :Pt 1000 J Pt 100) sJjaJI iLL-aJ cjUjllJ] C5 iiiJlJI JlUI 

Cllljjia^aJI (jia*J (jli (Aljaj Igj) (_£U <Iljia ftjjsl jSJjum (0 C ( _ s le- Q 100 

. Igjaj (jj l» ao) 

^1 j (Piezo-Resistive) Jak^all Au> jUL imnVu Jl j^Vl jsjjj 

jjij J (Temperature-dependent gain) s J jaJI Jic < ^i Sj t L^S 

AxLlT-a]! Lj ■ tail dll lalLa (j-o Jj^jtl! j] Laic i%2 (j-o L$ ^llj jjl Jjll ^ 

l_lUuaV Ai^J > all Aij»-a jrtiaj . JUxluiVI Jj3 Jljj V JJj£ J^A? SjljaJ 
AjjouIIj . ~ i'q*"i\I A_iLaC- Jj^)Jd]l J J^ (J*jl^ ^ I ^a dl^^Sk ^ 

(jjtil j f I lUuiVI dJI jV ^g^l J ' iaa ■ all ClaJ J^J ^gjll AjjJaJI Cjjl&lilill ^J! 

.^J)La t^g^i (_jA A ^j-^ i aj| ojLoiVI jla to-lclal! 

(_5jiaj i Jjia ( _a.la>j J^a. jja (jjliia a) laajmb ajlc pH A-aJ3 i^jSIji 
jjsll iliJJ^a. 4<jjSj AliluiJI SjLiVI jj -Ag/AgCl ^jj (> ^yJia. ja i_Jaa ^lc- 
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L_La_J ^j^jaII L-lIafllLl la-la all CjjV JJ^VI jli li$Jj .t-lUailS ^Lj^l IfraJ J 
<LajlLa .la.jj JJaJI Jjl*-a]l CS^ '(JjAjSjI Ujb a £-a Jljj^S (J ■ aSl Jc- (jj^J (jl 
j 2<\<ftZ"\\ i_jUa5YI J ^LuLait jaLaJI ■ . lla a St ^ UJ^' U£! "'"I 

(JLall ^L^ll jLiajVI 5-a jllo jj .4ijiaJI jjLuiaII -k» a J (Hydrogel) ^Lail 

^K,'a 1^"' LLiaJ .Ag+ <jJaall CjIjjjI i_Jjuij ^Laj Igil 4a.jj *J^^ 
La-a ' lajaul j^ull jl ' ■ Lujpjl j! (jjjjjjll j al i a a ^ ' _ jalaJI L-Aa^aJ jl-luijl 

jjc. (J^ nij sjUiVI jjxjjj T£2 Jj Gf2 jl iiLaJ AjjLjj^]! <ClajlLa J ojljj 4-JaJ i oJ 
j* 0 j JJ* ''"'J 1 "J fjJI J SjaJ j pH a.la.j Jj ci 1 - 3 ^ ^ J-^ £^ J^-° 

^jjjaJI Ajjaill J J jjia jjc. ^WO^ j^ j^=» uj -(Response time) 

<Ul*5j (j_aJjJjiS AjuiL aa dll jjluiluiil JJ jjJC.Lii-^all (j/i JJj*JI Jjb Sai lj] .AjjIjxJ! 

J jjidt aJUJI .A^Ujil ^LLa^U Jj^ (pH-FET) USa> 

1.5 Jl _aa. jl dJj3-J-a 80 JJ«^I lj* ' -j'a.MI cljjl Cjl j jIulIuuI jjSI ojA 

.lilJjS 1*5 jla (JjSjYj pH aja.J 
J c5 j^j l^jSl j <jLla J£Jij elixir ^ill t (Redox electrodes) ^jjjjI! 

siA j5jj .jjj jjjB (j^LuaJ ^La-jH (j-* V^J (Pt jl All) J^j j- 1 *- 0 Jc- U^J-^ 3 

QJja all 4-Jjl _a&iUI ^jl j-all Ajc jj JJ^SJ J Ij^. oJjia l^jl Laic. 
AjjJXaVI (_)jjIj5 i_lia3 ^IjiJLulj ojlc pO? ^-oJS i_l5ljj 

V .(Clark-type - ^ jj ^s-^j) <^Liij Jai* (Amperometric) 

lillj j iUiajl (JftlLaJI J ' t '"» (jlS-a Jc (jSj j tiaia pLjulS! Jc ojUoVI A-aJ*J 
4jjlc. tlllclaa ^_aa^j ^»^C (jyi ' . ta-j .(JclLall J ^J^U -^J^>J J ' . ■ 

ojAlia jJs »Ljj«il Jc. 4jj^a-a]l CAjjl^li _axu jj LaSi . pLuitJI (Javlj ^ jj? " « 

.(jialii La Ijjlj I g j£j j 4ijj*-a 
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h 2 o- 



CaCI; 




J 



CQ 2 - | 



Or jiaJ> 



fljiluLSU Cf i£j Lu f. j& jA jjJI JUL!) JjIaJ jL^aJ ^uilmi fjfL» 2.10 Jl^JI 

(jij 4jjfr ^A*A*3t ilU Cua. JUL!) Jla_a Ji.l±<s jaJ JUlSI Jli Lnj .^lluait 

>li . JjiJ ^ t| J J^ J^^J ^J^i ^'■* < ( Jla *3I ^1 4 jfrj jl JjilC' jUia^l ^jj ^.ijfr 
(JjAjS [5 -ilia ^!fr IjLucI . Jii ujLaLi^a Jjia*j <jjjjJa (jfr J;>4^ 'r'J-"" 

^ - J i aluu (jjjj laiaa lift . jlill i i^ljjll ^jJfr 'CO2 J O2 CiiU^« 



(Housing *l jjVI CjVT jj .ajL«]I si& J!iU. ^1 oj*. (j£aj d±p. 

jj^II ciiilcllall j jrliiVI ciiLiLac sjjia oIa devices) 
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l_±a. jluij La LJle-j .«.UxJI t jaluLj Aj£Aj tAiKJI JaAlj ^jlxJI jUJI Jj^"' jl 

SI i'iNjU* c-Lail jLaJ jj . IgJlftBlJ Ojc. L^ala. ULujl jUJI ^ 

ojC.^)]| j| f.Lall (Jja.J j t^l^aaJI ■ 4ju£)}\ j gl ■ aJ "I ^^Sc. J-aJ*J ^^ill CO2 

j| 1 . w 1 4JVI jl jig-ail jl jAj ^J 1 ".' iajjj) lilliA Jj^-l .Lja-a jj£j jl j£-«J 
<1V j£-aJ .(2.10 j) j^JI 1 J a jcjll iS^n 

.JclLaJI j ^ ja-all 5iK J££j (>aaaj ^ j (Gas streams) jlc 

O2 jl (J*aljJ3VI £-a t jliJI Jj^"' j-a AjJIjJI Cjl jjUtlaJI ■ _iuiaJ jl 131 j£-aJj 
~- <aJ t(_5ja>Vl <lclilall ClI jUJ]) (jl^a. jll j^lilall jl jlkSI LaA CO2 J 
JjlaJ (_£J-aj (OVR) jj^ 1 u£ J^/l ia.1 (J.l*-a jj ' M g jl « c5^>^l ' "'^ "J. 1 ^""' *— 'L^a-a 

^ jl£ I ila .4j1£ cAjjl jS lDU ^> 1 ^jV. J^j JtlLail (CER) C0 2 —II 
CO2 —51 J (OTR) jJa^S jVl Jaj ci-^ (Vl) Jji-^l 

ClVla-aJI (jl SJ nil j^-aJj (li JJ*-« <Sj£II jj^JJ I jj ' .'"'^J jl j^-»J (CTR) 

cjULuiaJI :uj*j j .(q C02 ) CO2 SI £^jj O102) jj-> jVt liS^iuib 5^jUJI 

t jlc. J£l jjjii£ jjjjl jj ^j 4a.Laj Luj .(Mass balances) <j!& cjlijl jj ^Jt 

: JjLuJI JjiaB ^>^lj (_5jliJI Jjial] ja.1 j 

d( ^ yG> = MAFR in y in - MAFR out y out T transferee (110) 
fit 

jj Jjlall ^a a jA Vj .£-AjJ^I <^t '(JjLjJI jl jlill Jjla j^^*J L j G ' "'J^ 

jj£jj jA C :c5jUjI jjJall C0 2 J jj? 1 "SjU j^I «■ j? <^a y j .a£>UJI 

UjJjaJ (j^Jiii) «.l jjJI j* Ajj£ jLjjjJ JjJ«-al j- ala ^ jA MAFR .L_llla]l jliSI 
(g 02 :^ iln) jUJI .^M gj . „Nf (j^aUJI JOa-all ^ q j .(5jjSJI jLjJJoi ^Ijc. <LjujI jj 

^ilia-a cjljUil Uj] "transfer G .. L " SjIjc j! ia.V •(q C02 : crfW^j) j;^ 1 J 

(jJai-a j^A (_5ja.VI ^J i(SOUrCe) JJj^a-a ^A Ujia sja.lj <J lAjJJall CjLijl jjJI 
t^aiill jjc. pj j^a <J ja9J jl jS-aJ Jjluoll jjL JiLa. j* Jjajll jl .(Sink) 



= itransferGoL T ^Vlx [+ transport via liquid phase] (210) 
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(Pseudo-steady) clM j aJU. iUjL aJLaaI <j£^j <a]UJ! lilli ,J ja. jSl j 
:J& J^aaj Transfer g-l JI-^Ijj (<^iMI CiLL^lij ^l) 

q V L x = — MAFR in y in + MAFR out y out (3.10) 

jliJI Jj£l (J^iJ (J-^J ' a i ^: ; J i"unj\ <li£ll (jLja. Cjl.ll.lC. 

a^U tilUA Jtf jSJj tJaia (JiU ) MAFR in _JI ^ lifrlj ti-M 

J£ J t>J jiab k~ J JjV .1^4 (c J^O MAFR 0Ut J\ 

jl 4_LaJ Ja.l.j]| JxUJI jUli |j] iC02 J O2 tAioli. jUJI CjU j£a 

MAER^ = MAFR out _y° u e t rt 

(4.10) 

<1-Yq 2 -Y C02 ) ^ (lUI^I) Y inert _SI ^ jl lijj^ CjL aS\ Uj 

•MAFR 0Ut —II 3 * 5^ 

Sjj-l^ (RQ) (Respiratory Quotient) ^u^iiiSI 5_<uall .iiai 
Jax^ Jl j-lujVI Jjx- Jl A+*j!L Uj^.n JLj li* J <Uc. .(q C02 /q 02 ) 
SJHk tAjjoiiill 3 ajSSI i_iL,iaJj iJcLLJI J£ J (Uptake) ia.Vl 

lilLiA (JjjjJ tiilL Jj AiUjaVLj .JjaJjjJI aa^a j 4jjJaJI aJjSII 

:Jaaa jlill Ajj^jj 

R Q = v ta v ,ut" (5- 10 ) 

/o> - /o 2 

..out ..in ,.in ..out , ..out,, in 

R0 _ yco 2 ~ ^co 2 ~ yp 2 yco 2 + yp 2 yco 2 

„in t,out , in , oui 1 ,,out.,in ^ ' ' 

J0 2 ~ /o 2 _ /o 2 /co 2 +■ /o 2 /co 2 
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1 qa 4jjj3 (RQ) ^-aJ3 IjJ 2^ i a (5.10) -kuuSn jj£j 

Ljiiij (RQ) lil .Llc. .(MAFR 0Ut MAFR in ~_ J) 

JJUJI J ^UJI liA *Jaa>V .(6.10) JUjkJI iitj.nfl ^I^Lub (RQ) 

1] ^UaJ^ll JjLaVI tkSiJi Jlla .2Jj£]| llAjjl jj <jiLj^aj AjjUa£ C^lclij 

>ti Jc.i pH fjia CjU J^. J dfo jjjI^uII <Jtfi J] CO2 
'(Level measurement) ij <kJ jj (jjaj cjMcliall 

aJ^J iojjt-all .Ira. jll (JaJI .(JjLuJI ^Jaxu ojC.j]I (jxs ?.UaC. lilljA jl£ Ijj 

4-lLaC j-a (J^jjJ aJlS1\ (jj • jjjlj-a ~l laliuil J (JjLuill <Jj£ -Ij-laJ _jA 4 IS yj all 

£-Laa. jl j-a jStill Ljjlc. ill] iJcALail 2Jj£ ,J 2 h<)l tlAjjl jj i—lLoii. 

.AjLaxJI pljjl lil^aJJ V ' lua 1 (J^ 4 ^ "'/"'" 

jlj^ (jl 1 aSj jl .(JjIjjuJI jljjjoi J.l*-a .li-lao ^^le. lAA ■ 

4.1 j g uUj ■ ■ Lui^J jl (j^-aJ 4(j-aj]l JJJ-aJ il ■ II jl j^ ^3 *"^0 j' .jjfl T 

.<££]) jLijjj (jAx-a (^gJc. 
liljLui L_ kliijj 1 frJJ a£ JJ^J ' . '» 1 aj ^^ill Cjl JjlsLLa]! jjj j-a ^Jk ojE-jjl 
(Jill! (_ S ^C IjJjS ljj-^-j j^*^ (jjj •'-^J^ jliJlj ojjjuila]) JjIjjoJI ^ 0 jC-jll 

iiilli £a .ojC-jll ^ a jja^a ail AJJ^ ^j^C- J Ajlclaa ^LaAil ' . iluii (gJ^l 

0 jc-jj! CjV jl&^Cj) jui'in -I ^'"'1 ; Sjlc oje-jII ^^ic » jUj, „\l 4jLac (_^jaj 
o^A ^JJJ jj^J jl j)^-aJ .ojC.^>l] o^Ljaa AjjIjxjS (J^IjC- AiUiaU jl Aj^jjlSj^all 
4^j^ jjLal) <iajuijVI S jiaJjoU s^l& tilj^JJ j t^JaaLa jl j.<u.ml<i J^>*1 l^llflliJaVI 
^cl j3 i^jliVj lAA .s JC-^I Jj 1 f'Ljjl (j j-a ojLoil 4 jajuiljj (j^* Igjl jl 
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kpJM jjfr Vk\ dlnkl 4.10 

Non - standard monitoring techniques 

III ) £3_oa]I J Jk j J-oju (jl Ajjjlja]! jjc. dil lallall j'-" j U^°i 

jl ^jLaj ii.1 Jl ^liajj tdll iaJL« dluul j 4ojg_^l (jc. SjljC- I g "k*. a j t(sitll 

aApe i_jIlJ Aa. jj .(3.10 J*Suiti Jail) JLutLuVI ^jLaill JJj a^J Jl 

.(Calibration reference) ts? *^>«ll f£>^ • 

V Jl*i jlgja. Jc J j' aail iSftU 4ii£J <1VI CjjS jj j] Jojj Jl 4a>UJI • 

• cjlj^Vl J jsjij 

.(Process) 
Jl *al»J • 

kijpl) A&jd) d\i CjIuluaUI 1.4.10 
Biomass - related sensors 

jl I i <aj| I ^ j£ aj (OD) ^/'J' Sail Ailj^JI jjAaal 4 oai «a,aj| '"'I laJLail 

iUMiJI l^c t(_5ja.VI tljLmaJlj iajj jll jj] tilJjSj iAjjUJI Cilclaall i_Lj£j 

jjjtjll (jl j i iaj| (jjA£*il jl ■ " U ujj jl ij al i aS "I ij^^ tlljlS Ijl LojS Jail! aj J 
- j i tall ^^a-j-all J_ala]l (jl . JJJ^J 4jjC.j-all ojLuiVI oAijj (_3_jSJ ^3 Aj L_ljC.^all JJC. 
4 _ 5 ^_&a]| J _jlall I^A (jV dlaJ Ajtxu^/I j-a 1.1a. Ll3j3 a-llc. jj^J ^^JjuiaII 

(Spacial) aj>J jUjVI jj£) ^iJ "O^V 1 

(Jj3 j-o (J^lLoaSI - j i b]| j-o (Jlaj li&j ((_£-?■ _j-aJI (J_ala]l J-i^J Clll^ £Jjl CS"^-?^ 
jl LAjjauLall JiLa i'ojJJ^ ClljUS (J£Ju Jc .Ii.1 jJJ L^LiJI jj 4-laa.V .Jajjojll 

(j* 3 j w ~ jjij V 4jj j^all ^ili&ll diUI ja jli i(Pellets) ; u^j-a]l cAjjSJI 
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jjAj (j^lj i^jjjaJI ^ YKW LiK IjjJAJ / - iaaU '"'I s^3 :LivLiJI =j laa 

cjXaU.j .CjlljjaJI ,_>axJ SjjA« ^ (Fluorescence) (jlbil 

SjL j> JjllJI £ jill ^ a^$A\ ^ j^aJI (Fluorophores) jltsll 

A^Vl (j^uJtfl j '(NADPH j NADH) Nicotinamide dinucleotides 




Jjju ,Jk P j F) (JiUil j aIa = JiUil iAjjJiJI j :jLsl«1I 

t^j<j^l<j«tt a Jfrjil SJafrUa Jj«ijJ Sj&jil = ft Jfrjil t((jJI jjII jjls- hii'<*i\\j jLj^uIl 

sLjliJI Lai jc jjU jjSfl = GC *0Lj>"fl JJa-» = FIA i JU-»1I o^j" = FFF 
< ^JssU» uLtll o-UL» = MSj Sfl-ftl AJle ^LuJI Ajal = HPLC j 
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f. La j tSJJaJI (jl»-»ll jJJ 9jl jaJI ^a-J^ (jj^l = TA * jj,»!l = W iAjji n Ciljjliia 

jjxi <Ua*j<ljj L^laJI j^ JLa iiU ^liil ji*j s(Ai» (q) SjljaJI uWj-" uLui^ ubUi) 
(Aj3| jaII ji) (j^LjaJI Jl jLuu -u^a j»JI jLj*JI j*i JiLi jaij iJ&lLall j^ 

(CjLaLu^ ^jj-iUI JxuaII jaJ AAud a i ill j AjSIjaII JUii Jl jJijjj iA^ajjfr a i ai <Uauiljj 



t-lml lb ■ " (jjltill aAu jli LL>laJI (JaJj AlAii jl_j<a]l ai& jj£l jj dLalj La j 
.aJI*J AjJaJI dAi\j£11 .lift Cluul AiLUt ai* (jl Lalt .AjJaJI AiljSlI £-o 

SAu jli Ll>UJI Jib AlsUj i jJI JjlLlSI CjXoUJ AjJaJI JJI jli tiilliS 

llAal5£ll Jjft Ajjaa Ciuul a£UI ai& jl Lalt .AjJaJI AiljSJI £x> i^uilliljuii (jMI 

(Fluorophores) (jfcll cjXalaJ ajjLlSI Jy^lj^l jli .aJUJI AjJaJ 

.SLajj AlLaE. (JataJ < l (_ s -»iJI l^& jj •^JJ^J > *2 J^*-" (illijj tAlllj dluij] 

j^> j»c-JI (^ C 'J Lujui AjJaJI Ail!i£]lj (jjltill ajLoij (jjj A aaa i a Aidt 

Clsljjli-ill jt L_iii^]l J 1.1a. oJjLa (jjlLill ejLij IgJjJaJ Jill dlLa Ja-aJI (jli (liJJi 

.(AjjjaJI Al&JI JJ^JJ jc- Lubjt) AjujjJ! Ajaluill 

(Electrical ajjLij$£]I aSjU-oJI ej$aJ 4 vt,n...) JuLac <_i^j 

^ic-L aLU-aII aJjLuJI » ja^JI ^ jj^j Jj impedance spectroscopy) 

Jaxj ' - Ua (j alaSt aLal A*i!j (a ajLm L£la.) PolaHSable LjUaaiuilS ALU 

jjjLjal] ALlill AjtuJI J Jji-ill (jl . J-lljla JLij$£ Jsa. J Ajj^a a ClU.uil«i£ LjiLiJ! 
- 7- a SI £jjjj t _^lc «. 4 _ s jjo1I li& CjjAa. ^JjJ Aajxjj (J al£j ail (_J_alaJI a-a^j] J^-^j 
. (j^aj^aaia aJj5J ^1 c5^)^-l »J« ^tiaj LiA j .(^i*- 4 ^! (_ji LjiLaJl (aa a SI =J JjLa]l 
a j^a.1 jJ_alaJ aJJj .JaflS loi...« J^a-aj J^)La ^^JJ Ait LjjlaJ 6j2j!lall a j^a.VI J- 4 *^ 
^jLiil AjJiLvajS 1— j^LjlaJ c-l^>a.j j^-aJ Sj^a.VI a^A iS^J •(Tuned) l^iiljJ j^-aj 
jl Ajjlill JJC. iaLuijVI dlLi jS-a Aiaxul jj AjiuilaSI CliLallill l^xall liA jjlaJJ I LilaSI 
j-a ^>a.l It jj lilLiA jl tLalt .AjjliJI CjLtllall Ljajl AjjLuia. lg-i£Sj 4Ajjjjlla]l 

(>aj]| jjt jjijj iajjjll (Conductivity) Jj^jjII AaLli ,j» j CjiU.liill 

(_>aaill (_jja.l aijJa. Aiijla .CjU^Lall (SllOrt-cirCuits) Cjljb J^aiu Jj ^JJj j 

Jjlaj ialjjjYLi (In situ) tg*^ JZ a ^jjj^^i CjISLlaII J j. ^1 
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!sc. J ^ ALjjall si^J Aj^i^-ull cjlinkill jl .(Image analysis) jj^ll 

^Lajjj ^aJ jalj .SjvLaJt <£ja. jl (jiLalallj i (Jajuill ' °J ■ -* j3 j t lg^ala.a,) jjjajj L^/lail 
LS JJ' °^ JilVill llAjjSjj 4 ql")-^, a e IqT a AjiaJa Jl ^ .Vil JjW'i 

"'1 aJxil ao& jl !<eA li& (J£ (jo i g ai»JJ jl I ■ laJ ^^jll <ULuij]Ij 



(jo ajjio 4jo£ CjIo jLlo Jl j»a.JJJ jl j^oj lg-io Aajljll £ jLiVli 4(_£ jjaJI 4_ojjc. 

AiiUj U^c ^Lkiil 1 , a u^ (Off-line Calibration) csj-i; ^jiS lD^- 

(j£]j 4 Aailao ^j2 Jc- (J j ■ aa St I -M ■ all jo . ClAj (JSjj'u (Jj.t_i.11II i_a j jla £Joa. Jc- 
jj£_j j_ CjljL-u'yi s^A Jj- 0 jj l LSJ^ tllLoiSuj . lojii jj^J Ajjlaoll ( _ ? J--j]l (Jt-aJL-jL-VI 
.ALjiall (j-i-J IojIj lSJ^J (s-^l ClULutSI j_S (Uc.lj___i iil]j Clu-I) loa. s-uLa 

Sj jL» CjU jIaj I4J ^38 Jjlall 2.4.10 

Methods related to individual Components 

Jg f " -I ____ji_i| (4jjJ-.1I i" i1j1.pt SI Ajal jo J IjJjlh- e-liaaJI -llljialSI (jo 

4jjja.l s.tjxi=Jl dtsa aju!^\ ^Vu.n ^alt (Spectroscopy) JyiaiSI 
NIR) (Near and mid-range infrared spectroscopy) <_5^»]l Al^jiaJI j 

4_l]jlaj CjIojLco Jc. (Jjj^aaJI j£oJ t t gjjja]| (Jjlajll Jg ^ " -I Istlml J .(MIR J 
ajg. j ^jjojll jyj j^olloll (jAojll Jj 4 a.1 a 11 (jj-lsj iAjlala. JJE. AjJjlaJ 
oAgJ (jS^a-VI ajljiSI (joj . (AjJjjuiall Cl^L^ajoJI jl i_sLlWI »\ laluil) (jjiuiajll 
^jloj oat Jj^"' ^jjtfLalj 4jLaj<JI eliil A-JjllaoJI A jLb all JLaE.1 (jialiajl AjLaaJI 

iaUjjIj oJui J CiV jaj (j^ (NIR) J ajjIjojjUI dlojixoll CjLiu .dia jll (_>«ajj 

5000 t> ^a->« LS- 1 * J^ J^JJ C-H J tOH ,NH j>o J£ (-I-U-U 
XiC 0 JJ-ao ' ajJa (j_a-L-____ j (_J _a_l Q ql ■ aJ al Jc. Jj 1 SI £-ijJJ .^-j-u^OOO 

j 800 jjj r jl jij <— iLa. j. ait J (MIR) J^-JI JjIsjII j^a JLoj-i^l 

laa. jj> aa ^ljja.1 (J-aC- Jj iS^^i ^Lo-S (5 J--I 1 aiLttVI jjl tLalc- .^jj /2000 

jA-alj& -I lalml J' <jl&j 3300 J 1600 <_£-J<a J ja. 4j-ala.) AjtiiSlS 

.(Attenuated total reflection (ATR) elements) a I t ., ^ ^,13 ^IsUjl 
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^J<i> ^jfl j A alia " C-0 Jj>^aljl .H«J j t^^" CjLajLuall .1«J*J 

.Jjaaj]| ^JLj lilla ^tiijj jll t— lb j£-a J£ ^jxi ^jjUall CAm jLlaJI (JaJjijj dlVlaJ! 

.4jjLaj£ (JjjJa 4jajutjJ ' aljiaVI oAsfc JjK"i l^laj IaAju 

siLl^ji .LSUJI J^j g3laJ (Off-line) c^bknl! jl 

Igjle J' aaj ' al J iaV I j 1 1 D<i jS-aj t l^jLjAi aJ |j| i ■ all oiA -1 jaUml J 

^jj (^jjaili ^jj^a) o jjbi-all ^- iiLaij (jl ^» ijjj .(On-line) L^iiLo jjjI 

^iLaj jLiia.1 jjS-aJ j I g hl^j jl^oll 4 fill a^Lail S.jJjall 4_iijJa]l ajl i SI 

4ii«JI ^ ilia " CiU j£a (Spiking) ^ilj-ab (Off-line) UjJj oi& SjjI*-<»3I 

JaS3 ' aLja all (jj£-all JJ^JJ ^ 'j^*-^ ^Jijiliu ^^iS! fl \;° all Ajt-b all :AjLSa SI 

iIiLjjSjoiII j AjjjJaxJI ^Laa-VI <J3lj-a £^?-ijJ f3 J*J .(4.10 J^') 
(_)jiaj ^ i — *j .(On-line) AjfLiiLa jjjl e Jj ■ aj AjjjaJI CjI jaJjJjIj lllVja£3l j 
(Jjaj jJSJl (Volatiles) SjUkll j| jJI Jjkj ^^It fJjaill j ^JJ'^I CjIjUj&I 



.(Electronic noses) a-ujj&WI c_a jjVI ^I^LuLi 



: <i>^' 



JjUI j iJS jll ul jjS jjj 



gjUS 



1 _H 


i»J& jS jjS 


• ■ 

• ■ 








I 




e 






£jU!l 



.-— ■ jjSjj 
— iV 



j|^a SiLaj uiaj .(calibration) J-H^i ^ ^j^ 3 ; 4.10 Ji*ijl 

5 ImUV4j1 sjLaiS jjiijjJI Cjl£Ual Aijxa (jLu IAJxj .£j)JaI1 ^jj> £jLu ^1 ^jj&j^) 4 tHa - 
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:(CjUjj^) d^iuJI lift plyj (ji fjjiill ^Llu3 ( _ f Sfr Ljajj (^LjSjSaJt ju&ll i^i) JjjSJ jLuu 

t (jLuuII ^ JLu&t JSJifl S jJlj) tfja&l ClUjla <|i ^fl ufcUil JSJJ j»J lijj .(^Vl 
AjjJi. Cjlfclfc jijjJ j»J J3 Lujj ;<ULiaj Ljlbtfi. jSjJJ ^ AiLiuiSI <ji Ija, J«"^ til £a9 

SjM JjS jj ^jLuaii lie ^jiLJl jjS jj ejLj ijli»fl Jj^u. ^^k. ^(Biological relation) 

^ SsJjia AijLuiII J Jalaj ^jVI .(<>«ll (^1 Jiu&l) 4JjVI 

0 j$a.l (j« Aj-lxll tilfl 1A tsiLcl Ciiia _jj ^^jll "LolajYI j umaJLall 1 ■ ul ^1 
4-iiull 4^a.l j]l ^)2jj 1 -la 1 j£lj ' 1 iS jSl a jjjl 4 )j Ja SI dlji ajul AjsIj^] sAjLa]! (Jjiajll 
lAjjJa a (_jjLia AxjjI (j« .AaJj L-lma (_|a*j jl A^a.1 _all a-l^J (j^i .AAuilial! 

(jjj (j-aj ^■■^■•"^ "j"' <_W-^ t£ Jj^ 'I (JjlUI j-a ^ jj-aj ii.^ • 1 

.(4-k.jij j Ada. LilaJI ^jSjj i(st) LMaJI <J jjjtill 

ajjUJ ^JJj Aj£ijLa jjjl 0 jjj^aJ (J^l£]l (_£jJaJI Jjll*]! (j* ^ j j-aj ia.jj .2 

j j-ajll iaj ^bSl l^LaJI JaLij 

.L£UJI <ll jl a*j (Permeate) ^51 jll J Jjjl jJI <> <r 3>aj ia.jj .3 

jjlall j-a l&^JdaJ (j£-aJj tajjUalLa ojLa ^-A 1 ^ LlaJ .iljJ ^^jll S^LaJI .4 
.laJ La i(_jl) ^jl*JI jliJI ^liijJ .lau ^jj-aj]l 4_±* ia.JJ c5^l L$j^*-^ 



i_Ja_lj t^qr n\) _^a.LaJI ^1 jl <ajJa< JlLaJ tAjjUillj ^ jV (jiilLaJI ^ 
JLaJI ^^lc ^jliaj (jl l_Laj al a i all (jli tiilli ^^Ic. .Jaa3 ^a.lj olajLl J-a*J (jl 

j£aj tinaj <3JjiaJ ^aj^aj jl ^iajj (Dead Volume) CLuJI j^a^aJI (j- (^iiVl 
dlila a JSj I ■ llajj (//7 Sltll) Ut.iJo j-a CllLaJI ^ajaJI ' °,.'°f"'J ' 

(J-a*J jl I . .LljLaJ Sj2j!La CllLaLaj all o^A (j-a (Jjla j li* . ja.1 ^ j _o-aj j>-a 

(Back grOWth) _4^ull l ■ liaaj3 jLjJ^i Jl«-aJj jl j >xila i lj <kjJa-aJ| 
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p.lill i_j3j iajj jlxs jjl£ Ijjj 4(_£^>i.l dlUlja.] J jLkjl ^JJ aJ IjJ .tlAjjlail 

JjIu, Lj!>UJI jli ijjjS Laikio £ iLuil i*.t Jak J (Residence time) 

jjaJI ^j-^JJ 1 . -sj _ji.La]l ^ jLajll J AjJiJI CLlUal uii]l .liaaj (j£-aJj tA <oLuj 
(2) ..'7- ■ jVI Ajj jja-a L_SjJa Jj (_£ jjiaJI (JjLcaII (j^aJ^au I ■ uaJJ ^jLajll ai.1 jj£. 

(j-la i aJ A iajailjJ (_J*3 j£-aJj llxiliJI JaLoij ajjuS Jj (2) AJlajll JJj^uJ 

iajS c J jla a £-a ^ jjAjll (_g ja aJ jaLoiaII Sola SI A iaj iit^J jl ^ j_&Ai]l -Lai. -ll^)^ jl 

ij* .(kcn) ju tjga-iii 

.0 jjLa Ajj bjl jl jx jl £&jl _jj jl AjIjVI jlj-all Jj^"' JJjl I jj -Lis jjLa _a& j 
j| jc.| jail JiLa H LiJajj Jjla-a ^lakluiLl AjjjJ a Jj i aj ^jLajll ia.1 iaa. JjoiC. 

.AjjjjlaJI jl jl LMaJI L|13j jl AjjJaJI 4j.uif-.VI Ajl jV t(jixal jaJI 

J^Lk j> cSlli ^ L Ul&j t j5UI t> L£LsJ Al\j\ (3) aJUJI Jxuii 

jl (III Situ) Ijir i >i j^i dlla .'j alt ■ ■ U^JM (j^-aJ .(_£_)£_}<aJI L>^J ^J^J^' 

^jx ^gJaia i ^uijjil\ I ■ U^j2 ' . 'fj 'Jj^ AjlaJI J . (JclLaJI (je. (Jj)*-aJ 
J& (Foilling) ClsUiUjjll (Jj joa. jl Jja. jj I . uao) jJajJaVI A.JI& Jcliall 
-I laJjjil j jl (Jc-lLaJI J J^l °» 1 ail A ^ju^all cJijaU (jl (j^-aJ .^jojj-all 

A A i >ij AkjJaa JJ A-ala. lilli^a ^ a i <a a J ot'u.'I <lLa. ^ .^jI jll Aj^La <ajJax 
La^iLiJI jj^JJ ^-^j^ .^jojj-all JJC. j JclLall ^ jli. (_£ jJaJI (jlji-aJI jjjjjl 
LpLaJl r 1 ajj ■ al ^Uaj (jj iJclUI ojJjJJ Sjltlj ^jiljll Ajlj] oju (jIxaII 

jjSjj Sjbj Jl ^jjj I oa (Analytical cell retention system) UjU'i 

(jljj<a] AjjjLLaJI CjljlalaVI J jliic-VI Cti*-} '^^i U' ' . 't* J J '^Jj^ 5 -^' AjjSII 
aa^a (JclLall J] (jj^J La ^JjSI CllLa jJalall (J-al£ (jj^J (jl ■ ■ LaJ .Ali£JI 

(JjLuJI Acjjjj jliii.1 I . Laj La£ . JclLJI ^J^-k LiLiJI plaj dl3j JajoijILa j (^^ja-aJI 

jjc ^LaJI jU>uj ^t) (Tangential Flow) L ^j*^ chj^ a^J^ jjSil 

■ . llajl jIjaLuIj ojflJ ^joiIJI ^tjJa ■ ■ '-^J La£ .(2 m/s (Jc- -^JJ A&jj-uJ ^LuiiJI 
.^juil J] AlLa-aJI Ajj£jj1I J Jj (_5jJjjjo Jill tdllj _aLall j-aj OJjC. 
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(JaS3 ajjUalall A jA\ ^JiC lgJLa*JjJ j- aiillj t4j^aLk 3JLa. fjk (4) 4]laJI 
jja ■ aJ 4 -s lilLiA jj^J L»JJ . (j-aLaa.VI jl CjIjJxmVI '-— • Jj CjIjj.1a1I (JlLa 

jl 1 "X .IgJJaJ jljj ^ill J]l j^JI jl/j «.L<JI ' ■ ■ UaJlS ij^ull ia.1 Jai. 

I^Jj ijjixx (JSjlIj I i *' a J^at-a jl£ lij ^jliSI JjlaSI ^-luiJ (_pajjaj 

Jj^aall ii3 _jLu jl£ I jl (_£ jliJI J_J^' j^J^ L>° (J^-" 1 ^ j^J^ 't^-'-"^ ^ "J 

(jjjL jc 4jjJaJI 4jLuJI IfriaJJ l_lau jSI Sj^VI .lijJ*-» jjjjall j£ 

IjjjSj jl j£<aJ a^/lcl SjjSiall ClLilj^a _all 

.(Flow injection analysers-FIA) jljj^l u** • 

.(Electrophoresis units) <J^ jj CjI^j • 

.(Mass spectrometers) J&ll t-biall (_>ajjli« • 

.(Electronic noses) jJ&Sj ^jjj • 

(Field flow fractionation devices) Jl^-all ckj** ^ s • 

jjjJXa _aa]l l^LajJa jp> a j^a.^1 QjxAll j ..' ? a jli i laa SI e jjail 

4 K a] (Ja^ jl 's-liLa <L^a j £-a Igj j*4f) V J tiaaS (4_iLax]| Jc. j Uj . n ajl 
_aA li& jj^J ^LS ^jSatSU AijxA (_£ji (_>-alajail (-Sj A -\\ ~s iilLi& (jli tl-l^J . A i <al ■*> 
CIsLAaxI] 4_LuAjS l "' V ^^ -v "' ~ j i aJ (jl j-a AjLlalSI CllLliaill ai& £-i-aJ (_jiJI (jjjla-SI 

.AjjjaJI 

jaa. C£Ua-a SjUU'tl JSLlall Ja. i-a_jV ^ «.lalaK SI till jJlVl JJal jj 

jl AjjLjjjaSI c^cliall diLkllj ,j\ jjj J^ISjJL g.o....u IgiV (FIA) jljjJuJI 

I^Jj t4_b.«aj j!ial jj£j (_Sja.il dllj^VI J£ . (jl_J^)judJI ^Uaj ^ AjjUxJ^jI 

Cllljj£^a]l jj . LgJjiaJ jlj^SI jl j-all j-a aJAa-a ^LaLa^a] l^SLaxJj^l ^ a^^a-a 
^JJjbl jx jjSlall Jj^iill ^Uajj JjLJI Jaj ^Uai (_A (FIA) jl^a. jJ A^LuVI 
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4 U,„lji LfLijLojj jl ft jj^aill 4j3 (jSa-l (JSlj LSJ^- 6 J ^—^^ " > <3 J llllajJa<a j 

a jj, eaj ^cjlSill i^^- Jj' 83 'I (j^- 4 ^ Laic .o jaljuba Aijjiaj (_>uJ j e 11 la a 

.Ajla. jc) i 'a'w (jl^jaVLj lil o j.<u.i.h«i 

• (5.10) J£*iJlj ^-^a J-a FIA ^jLjjJoJI jaa. Jli-o jl^a. J-aC i.lxa ^jj 
tlg_ui\jjj j| jj 1]| ojLall Liaj jaj ' l£ Jj^ J "-'^ j' u^J"^^ (Jelidll (jjj 

— ojlAkJI jljjjai ^ _jj j<o (JclLa (J^joU (_jl) l—l^j^VI (j^JJ^ ' *' K j 

Ajjljjjall CjUaJU-all *l jaJ jSLy ^Uiill liA ^ j .(Plug flow type reactor 

ji. JcLLa ^-.jj^sjjl j^a ^ ^Lt-a aa a (jaaj LaJuc " ajjalll j& dlLaJUc all 
jlill <!l jj ■ . laJ . j<u,ml<i JaU £jLa <DLa. (_5jjjoJ (_ji]l j J^*-"^) c3J^-° 

Jalaj jl O^JJSJj 'jiiaJI AjLaC (Jj§ jjSa oil £ j^ajll j-a JJ£1j 
(JclLall Ijl^J f.LLll dlijj £JJJJ -iJ^J ' . 'fj lilliS . Cll3_j]l £-a JaUll ^jLall <iajuljj 
(J*C. t_a JJ^a lllaJ Ijjlii Sjlajj (_pal jja^l j£-°J (j^J ' 4 " "* a '"' * JJ' ' tia all 

Aijaj j-a Jal ^ oj-o i_sll ' LjiaaJl tjlilall t^lc- j"'"'^ UJ^J • 4 -1jLo-« 

.%99 t> JJ^I <2-i AjjoUJj 

jlg-a. A lajoiljj AjSLJI fa^&LuLall AjIjVI jlj-all jl Cjla. jjj-all (JjiIsj 

(- J' <all oAii (JjjIjS jLg-a.) jl Uj jjJa I jlg-a. LJlc. ■ jjfLj ' ° ujl S 

4 (Polaro graphic Electrode) ^UaiiiJ Jjkj i_jLa J <. (Photometer) 

i(Ajjja. dll aJx) 4jcLi« jl AjLajjjl tlL>L&lij ^^Ic. (jJiUill -l-alstJ (jl Cfi^i U^J 

(gta^ll ' ajlall (JjAjS Jj- 0 * " * j^-^' ~l laAuil jl t(_>a£jajjll (j^LjS jl 

.(Flow cytometers) ajjLJI Lj^UJI j' '(Mass spectrometers) 

(Ji>|joll AjJ aJa.1 tilLlA (_>^Jj .lilli ^^Jc. jj^-J' 11 .' (j^J- 0 (5.10) (J£joJI ^iajJ 
.jaix-all J^aJI ^J^-=> J-»*J J-al^lLj ji^ajl <jV t^i*-all jalaJI 
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jjUJI jiil 

^ ; > tllUij 





(IPW l)\A 




( ix-siden.se time) ^li* 



JjJaj (!) .AjjjsJI /J OW*"^ 0** J^AIutf cjVlia 5.10 J*"^ 

JIjj . ( _ r Jaj*JI (jLjrfjJI ^lJijj <UxuiI^j jaluls J^uij jjitua ^jj^u ^ j ' '-^j . jjjLuJI 
(jiajx! (1) jjlaJI j»Lna ^Jl t^uLLj Jxuj ^uojj JjU .11 jLijjl fLifr Jjjjia (jfr JlxSI 4i« 
(1) -I «.^1t .(^jjSj Jjla a fUliVI ^L**^ J^^lui 'fJJ^I ■k-<" tj^) o^^l 4ja^uul J^— 
aL^J^I ^ jaj1\ SjIau, jiji 5j5LS s jiaJ csjjJ ( ^frt-il ujlk sL^iL) 

sUjL) Jjj <|jil (2) (jlaJI AL^uui Lf !& jrjliJI uW*"^ J*^ uun JcLL> 

uj&j^l I Li^UI Jj^a jll Jxj s Jlc al -"^N J*J Abulia SjjSj (u^-U AtUJI i-HJ^ 

- o lA jjj^I J^i Invertase fjj&t JjSfl <ji.iajj.4S jaJI sjjLj i^UujiL ilam 
jjiSfl ljS^I jj±sj .H 2 0 2 j Gluconolactone ^1 jjSjl?. D -p j D 
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.Uiaji 4 *< - - j^i l^jJa (iiUft o^J 'lSJ#-*' i_Ja2 ilia ti_&uil& <Uxuil jj (jLj^jJI ^fl 

^ u' 't^J JiUJI ^j^aJ) jlkuiljj O2 Sj&LlhaB aJjVI «jLa!I jjfraJ uij 
^xJI jj-jjj il-i* 4 LI 1 n3t ' t^aaafl s jh^ CiJ^ ' '-^J . iJi^-a 

lJ Jc. (SjjZ* " tj\ i^jjaJI (jlxj^l j&uA ^JjaI (ij) *a CiL^jJ aJ*J ^<j-l *j <t) 

jt«aj t^iluaV) JjLj^ui! 4 !aj 1 aj AjJI <Uaul jj <LLa jlAJI Jljj lAJauj Jeliail J1L ibilaJI 
J^j (i-iuilli^) I i; pLaJI L^LaJI UU1 jj.ua laH JelLa ^21 I JA jgLua f 

Jjla-« (JLaj dlj Jau .L£UJI i(Permeabilise) iiij <|jJI (Lj5LiJI I'niiil) J^liV 1 
^2 ^UjjII iliij J- 1 *-" eJAs^ sjjill eJA ibiliJI JilJ ^1 j j ""*.' 4 kaj » jji] <j^li CJ*^ 
ijlLsil eAui 4a.jJ (| ill 'oW*"^ t-iuiLS JJaj .DNA ^ siA /J Jftliuj <Ulll 

^Lj^ji L-LilS _$A (2)LS |j| .i ifo nit ^jjAiII tsja-a DNA jj£ jjJ oubia cj* tr^ 

.L5UJI jLuluI ajjj tj| jiil ^k. J£ Jlaj <Gla iL£LaJ 

£-a ^iLajll ikl ol.il JLj^jI 2'aU'i/.\ (j^sLa. aLaiiAl sliacj ■ ■ '-^J 4j| tLalc 

tj&^J (jl mil (ja 1 g &a ^Ijj ^^ill ^iLajll (j^ 1 j^*ll ^ St J f^*- 4 ^ j^-^l 

<jjlLaV (illi j (Certification) (jj.i^l cAjlkia (jL}.>JI jU^ 

e-UakVI ^ * y ■ J (_3 ^clud ^gjll 4(C jl jjll LS \c aLaj (JjiUS ^l^?bj (Ll^>laj) 

.bMt n\\ (jjLaiVI O^Lall (j-a Lijj ^^ill 

ijia. JjK'i a j^-^l L-SjoiIj^£ All j!La (J£joUj ^jjjaJI dll ^Lall a IklkjjJ 



<_J£joij (J^utluij LaAic. i^JI t...(_jA3tll Sj!ia j^^a j -ja.'ti ^jlLa ^^Ic. oj^all 

(JclLaJI ^J^-k alLall a^A (JLmluil Aic. 3 ui a (jjij V (III sitll) ^^JuJa^axi 

< _3J1 Cil m,nVi,n\l oaa j jUjjJI jSa. j <^jA ^ (Ex situ) 

^ jL»j jSjJ jl jLaJ (jbjjJI (jSa> Jjkj jl^a. jl j tCij ^ U jjij j£*J 
lie. 4jjLLaj£]l jI_4a1] ijjjS tA^LaJI Jljlkl (j^-aJj lio .(—ajsLiall J^ail 

. 5jj;iaJI dll lalLail al ^"i ' nl 

(jS-aJj .l^jlililaJ (_Jla (jUjjaill (ji^ lSj^" ojj- 0 -^! '"'^ °' ^1 L>° 
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J <^a£]| Aj&\ jaB 4_ia&I o_^_a.VI j!i£l .la.1 o_^a.VI oi& J i eaJ j)l £3jJJj 4 lj£ all 
- Jjaj i'<1j'tfl* diluiajj ^jU-^ jjg. ^jjaj l i "y\ /.»" , J |jj cAjjJaJI dAjLaxll 
UJ ^J*^.)"^ "j"'J)V^ (JUa&VI t AjLaC jjjiaj IfrlajJa (j-aj i^Ljliiill 

oJ^tLa dlljja Cllli (jLljjaill (jfla. (Jj^"' o^^l al lazuli 4-lllaJI ' "'^ C ? j"'^ <jjj 

Igijt-a j £JjjjJI (jJ>aJI °JW-^' J..'* ' "*"'.' J' 'AjSUiia jl 4j jlj!La i - 11 jia l (J-4*J 

ClsVLa. l^-il (Jc- a!>lc.l 4^.j.1a1I JjlaJilt ej^l aiaa a J] jiaii (Jl j£-oJ 

' ° laj tLaljc. jjLojj^]I Ja .(FIA) (jLjjoill (jsa. J^"' o- 0 ^-^^ 

jl (HPLC) ^uLui JSU1I (jj^J .L-LoiUx J_j-ac. (J (JjLoall dj^ajj CxAc liill 

(Capillary ^j^l J^j^ JKpM J U .(GC) l> 
Afuulbj .JjSlmVI jj^ jj- 2 1> J-^ll 'electrophoresis) 

Je l&jLoixs J lf.iaJ jjSI (jj£j ^Ijj^l > j'-— ' 3 jli t(_)La-all jLljjjo 4j^)aJ 
(Jl 7 all JJJ^j ■ . i(_£^)a.VI ^l_jjVlj AjjlLa jjljjjaill oUa 

J t L> .aL UT .J J '^i?JI JU^I tjllall Jjj^ Je t (Perpendicular field) 
<jl£ lij t (g '«■»■ Jjs ^jLaill (j« ULaj jUJI <llj) '.'7- ; j liA .^UjjJI jl 

.0 jjjc. Aj^i£ CjLo _jLt-a Jfc Jjj^aaJI ' ° ^ 11 

ajjUI l£UJI (j^La j (Mass spectrometry) 31S1I Jjkj s j$aj 

jl^a. jli .l^l^kioil J La ja. Jl S^aU. ^ ajSjjUjjjVI (Flow cytometry) 

Ja3 (JLaaluil l_Ja._»±l 'l-i^-Jj .iaaa (^jjSj) «.lja. a jja dlaJ (_1a*J aJj£1I I h la Jj^"' 
i-Jjjjl (JS-uij (Jj^J (jl (J^-aJ s^Aj .4-43*^11 ^ jLajll 41j>^ j ^-a Jaa i iall 

o_jj1 JaJ all jlj^ll (JjlLa-o jLiajl «.Lic. (J£.u'iJ jl 4CI1I jLiil a jjt > AaJiaj laAmj (_jjxjj 
'ijLiiVI -i-^JJ J J^J^ 1^* L)j^ '(j-O^ '^-l J - a jll P'-" jl ^-aJj .Ajjlill 

CjI jjUuaII jc All oaJljaLttlt CjljLii'VI 1 , ' ■ "*' (jljSl ^ aS a II jj^s jj^Jj tAjjlLall 
LatAm il&Ajc. .AT jl N2 'Alola. Cjljj£-a jlj- 0 ] j-° ^ aalutall dlljUiVlj 
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Ajiiij gjA (Flow cytometry) ajjLJI l£UJ ^Ua jl^a. ^IjiU jj 
lijj .(Off-line) Jcliall ^jta- ^iLail cjL-^jai *lja.V - 

iafy (FIA) jLjJ*JI jSa. JjiaJ jl^a. £-a .LIjjjVIj j 1 g a SI si* - laJLj 

(On- Jcli-ll 

^g-aS L_L^a j tAijaLa CjLa_jl*_a I g jl Sacj .j AjjSjjl oi& a j3 (j-a^J .line) 

(_L^ajJ Sjffitl o^A .AjjljJI ^ L*iL)3 10 4 *lja.J <j£-aJ ^> 4aJl jLa l£La. 

jj£l jl .laJj j^JJ .^^ji-l e.la.1 j (jJiUall Ajli. ^»Lal o jjt > t-i A^j3 (J^la. JJ-aJ 

S.la. j a _aSU ■ " Lla L£>LaJI <_£^>a-a ^^Sc- ' 4*jjSI Ll^. j _^aj tf. j' «a3l _j J ■ -« ■» ^j-a 

jjJSj (j^-aJ . J^lial! jy j jj*ila]| jl ijlajlall p,^jjall (JjAjSJ ' LulSlI 

j£aJ la£ Jlillj UtlSlI 
jl^a. l&j)l^)a.l (j^-aJ 4 i ."tl ■*> ^jjj^aJ ■ J '^;'''°"' -i J 4j_jliJI tllljj£-all 

f.LjjoiV (jJJ (_>a .AjjLJI L£>laJI (JjjLjS L^f^ lAL)^' Cfl^ Jj^"' 

.(Intracellular pH) l£UJ1 Ja.ta cr^JJ^' 

.DNA 

.RNA 

(jl ^-3 dll _jjS iJu JJLaall f.ljl (j£-aJ ilAjiau j!i£l oj^-al ~l lalml Ij .Aja.jljjjja]l 
i all JSjillj 1 gjLal - " A3 Ll!iLiJI (jjS (jl AiaJjji Aa.lj 
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Control S jkuJI 5.10 

dlLjJ aC (_gJc- -^"'^ j s^jjajjaill l_jl«.l^>aj £ya ^ i n/ Jl (_><a j }iJI jj 
4j! ,la±uiA i ^ a Jo j\ a 'nx * CjI Jitla CjIjj Jo JaliaJI ^ AjjjaJI 

tAjjSj CjLLuia. f.!^a.V AjsI£ Ajlaxll ^Jj-aj jl AjiJj^a Aa. jj jl 'ijclall (JjlJj r 1 '**' ■ "V I 
jl jxll JJ^JJ jl Ajj£ (J" 4"UDLlS1 CjIj ajjall sjjUlall lllY^aJI AlAlax j 4^3 jj J 
A^Lu7l£ LaLaJ <_)jUa]| (jjSaJ Jli £j| jiil j 4L_lLajjjVl J 'AjjjaJI 5Jj£I! J cAJ jVl 

Jj ASa-all ^Uaill AjjaJ jA SJSjiall aA^S J- 4 *!! . till Jjilal! aAA j-a aLSJoJ 

(Jjaui Jc .'aAjLall e-l_)a^/U J*-^ t_ijja]l ALajj Ajjla-aj t jt i n\ AjjjIj <uJaj| 
ce'Ji l^uj ysi (Jjx '. (Jj.t-u'u]1 v— 3j jii (j oaJ 4 K i > ,i i 4_J A aJail jj jSj t JULall 
•(^>J* ' a J' SaJa A_aj2^ jjj',"* " P-H J 'ijl^p. A_a.jA Ait AjYLs. ^ i aSi J j jSj i 

c j 1 1) AJajml _jj LuIaw LjAjSI^}* i hi Jli cCjIjjLclall »AA -J^**'"' SaIc I jjS aj 1 1^ i j 

.(Closed-loop control) AiliJI a_L JijVl 

1 gAjiil aj AjLaaJI J (_£^>a.l A-a^-a OljjL-tla (illjA 4(_£^}a.l 4j^L) jp> 

idlVlaJI oAA Ji . (J}J3A l5^»J <— SjJJt-a JJC- j _ s JiLaJl L_SjJall J lAjijlj jl jl 
I a ) ■ ii ^ aAAa-a 

Ajli ibB a JJ^JJ (jlS lij L»l 
■ . la-ji (AjjoiLuil Cijl jj ^jill (jj i'i^j .UojaJj L£iLiJ! J j_o&Ajj 

oj^^N/|j Ajiilaa]l (jjall J^ Ajl I Laic .J^iLa (J£joUj AjJJ^aal! (jJalU Lo.lJ.laJ 
t-jjja Claj j tAjlc AajJal j ^Ljljj A^LSa SI J j3jJ V AjJaJjl CjIjjjJI J Alalajl 
AiajjouV 0 JaAm (jj.'^*" jl La£ i'ojJj£ d SS ■' a Aj3l_^a]l AjlaC- (J£joU t^LiiVI 
jl ' ^ La (j^ij jl (JjLaJ aa ujil jli tla^Jj .Lajlj LvLaj V Ajlli-aJI 

A*iall CjIiLjC. J . Luuoa. Ajjlk^t AiaSiSI jj^j jl jl ijLall A ajSlI Aj]c jj£j 
laA J t^LJI jjlilall jli (ej^ilaiJt CjLLaxJI J) (Fed-batCh) Slii-all 
<Jj3<-a :JaVI (Jc jJ-a^-a jjialc Jc JaJjU (cill tAjJjVI 'ijLall JJ^JJ JULall 
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:(Mass balance) jjl i^ 1 

—7— = SitiF — r s^ (— SF ) (7.10) 
df 

JaxJI 3& (F)j i(Feed) gjii-J ^ sjLJI jjSjj jA (S in ) 

SjLall .-*N-.~.„Sf (g>*^aJI Ja*a]I jA (r s ) J i^Ai-al] ^g^aJI 

AjL Soil jl (jjatJ lajjui-a e i la all SJaiill .lie. ^gJc iLLaJI j] 

. ds 

1 1 r-i ~ J ■ — 1 

d(SV) dV dS fl „ 

— = s dr +v dF = s '° F - rsV 

ds dK , 

tO = — £j«iajj i—ljjjj ftjlcj -(F) I AjjLuw j 5i jjw —j- A-aj3 jj£j ^ Ua 

^ t = 0 = S in F -- r s -S F - = D(S in -S)-r s (9.10) 

iajjU) i Jiaj iiO (;"'■ "VI (_pa_j3U jl ' ■ tap (J^.UI (j}^' jli '^>a.l t _ s -i*-aJ 
AjIjVI SjLsJI JJ^JJ <^C- ■i*l*J (g^ail tSti^LuiVI J^«-o (jli t4_£jiJI ^j.^ill 

: JjVI ^JJjiill <_^i i(i_Li.^a) IjjUj I jL«-a jj^J jl (_>iajjil 



rs = qsm»7 — — x (10.10) 
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Jin O 

cAjjxjII J^k AjIjj ^jfl (Jj.t-i.7u1I as a (Vo) J *SiJ^-^ 4Ii£j| j^J^ (Xq) J^ 1 - 

(jS^j ' " Ua J (Sj n ) J 4jjlLa las. e jit i rt (S) 5 AjJo*J! 4 ajflll jj£j Lajic j 

t _ ff lc »jUj. a l\ Ajaj^all 3 IS uj all (JljjaJ (JJjla (je C_)IjIjjc.VI oi& Ciliiuil I * il a&l 

.(F) Jji^ill jiilail s jUl! I J& aKJl* J\ (S) S jjilall 

A^li-all <ia _axiuYI e ji^ui (jl V) ' A^jjiall <Ua jjijVl a J^,.' 1 " ^" /> ' (=3 Sjlc I a& (_£ ja_i 
iiilli .Ajiilll <jl jaJ (^jW'Vill) AujiaJI SjSIjJI (JJjia (jc 31g m jj£j (F) ^jlft 
C- J-ail 1 ; '7- jj ! 1 ; It > a J-al jA ajlajjjjl ^Ljal JjilLa (—LljaJ (_jl jli 

1 ■ laj La£ t(_gai-all jLui* Jjlsoxul dlil 1 " L <-i jgsl C _ S _UI SajA*JI CllLjal jasYI ^g-uijj V (jl 
(_>uj1 (jSlj (Vo) ^lii. (e* ^-S-" J-aVI (jj^Jj -^JJ V D J X D Cll jjUlall ^J2 Aija-a 
I jl Jaa2 40jlaLi-a i Ji£. (C _alajj ^^l iAilaJI oaA (jluiaJj (j^-aJ LaS '(Xq) "Ula. ^ 
.l^inlaj (j£-aJ (JjJaSl ^iLaj jl r-\ j3 jj Ajc jl iljJjaJj I " \\ \ 'ri\ j£aV I (jj 1 ■ ad 

jl AjjLjjjflll '''"'^ dll jjlatLail ( _ s lc sjlc A^li-all 4_la jjiuVI ajlaJjai (jjJoU 

(j^axj 4^aLa^.Vlj (jjSAllj pH llj iaxjJallj ajljaJI (Jj-a AjjlxajSlI 

t-iljajftl f laiU (jlajj .(P0 2 ) O^VU cCjIjUIl ^>JI Ut , nil jbJtfl 
^3 JJjlull ' I °.' 1 " " AcjjJa jaII 4-ajall j jjUtLa] AjijaaJI 4 aJflll jjj '(s) 

c^jJill lift (SJ^J .^jj^VI JaJI <-iljajVI JjIsj (^Jj (5^JJ AiljiaJ tAjLaxSI 

AjiDlij jUj.i.U J „l jj^j tdiVLaJI '^•* ; -LijAJ lW^ J ^..^■■"^ "j"' 

|j| aj^)ij]l ^1 fl. ^1 (JjijaU (j^-aJ 4 JllLall (JjfuJ c? 1 '' 'j'"'*' '"^ CS JP-'-"-^! t ^ J l^ * laSiSI 
^aLaj^a lajjijj (jja. 4<J ^ jAuball ^^^cVI ^aJI (_3lx^all Sjl^>a. CjjjLau 

(JjxSl: '^-J ^ jAuiall (^gicVI AaJI (3i«-a]l *J J > a ' Oj^-^ l-jj jj"*- ■ '"'^ 

AjLa*JI JcUij a3 '(_SJ^I CjVIa. ^ .^jj^VI Uaa. sjljaJI CjjjUj YA ^j3Jj]I aLa^ 
S^laJjjJI CllljjUtLa !.li5 LaJJJ . Cjl jjlitLall laJ 1 nA\ JJJtill IjA (JlLal 1— b-jLLa jjc. (J£.ijiJ 
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4jL«J A jSj al jj i ia.1 i-Jau tlA.^ir- .0 4jt-mjj e jlaa-all 4 laSjll J ja. ^a.jl!i]li 

(Differential (PID) u^lnj Ju\<^\ ^LiiUaS jUJI ^liuuj < jU^aX, 
li?. J*^ o^ljial c^j £J jll Controller Proportional Integral) 

(julLJt jjUlaU (g) <_il jaJl (PID) J^J'"" ' . 'Jf "'■■'J .AjLulSI Aj£jxLiiJ J ja. 

:Aj11j]| Aij^jlallj (y) ^U-all jjUtlall JJJ«J 4-Iaui! jj a] ajtla alt 4_Lli]l jc. 

y = Vo + K P + -i J edt + r D ^ (12.10) 

j| i i. i.l V<\l J^lc. '(Y 0 ) JJaall 'cs^J 'J 1-^ <*jjVI JJjla-aJI (jl 

i(Derivative) (JLlal! j (Integral) ^ISjII jllii jJI jliiliill j '(K p ) t.u.^1 

La J^VI li& (jj^j 1 " J .4-laJjaiJ i_!jLaJ 4_liuil _aJ 1-i.la-) jl ' ■ laJ iXj) J T\ 

.AjjIj AjLajdl A£j-aljjJ dLal.1 

(Nicols) jij^jjj '(Ziegler) jkuj o\* ^VlaJI J$jJ ^ 

(Kp, crit) Critical gain ^ jaJI j) .c4j J£Ai ^a. jblL SjkuJI 

.1.10 Jj-iaJ 4_a.j.lJI JJjU-aJI ij laul - laSjoU (t cr j t ) £ia.jhl] AjlajJI SjjsJI j 

j^>a t_u*a. jjjU-aJI _>uuj ^Adaptive control) AjLSill s jWJl 

<ljla-a]l cs^-S ' ' " * <-l^-"»J 1 1 h\ q o Ijjliia j_j£j ^3 lift j] ,AjLa*JI (JllufLldl jj lj| 
jjjjjj . jjijpill sjLjoV 4jl»a. Liua jUj, „ jjjlj<_a <_sJ jj (_j^}a_i ^ jVI 

3 «< I al ll d Ala. (JjjI£ju! _&& jja ■ aSVl ia.1 <_j.l*-a jl 4(Jl!La]l (Jjioi t^£- '0^>iaJ! 

jUji ii^ll jjjl*_a ' Ig-al -laluol j A LI ■ ajj ^uLLajl li& Aj^sj j£-aj . 4_iLaaJI 

( T d) J J^jj (Kp) a-^Lij J^i. <>a jlj-aloiL (_>aLiJI j-ai5l jA*-a Lg \c 

<jiaj o jlialj JJaju " all f^l^l /-i JJJ^ ^jmaJ to^lc li* Jjl) L-LjiI '"' a (J^joU 

.<jLa*JI (J-al£] (e^a- j' '^LjL 
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jl <~i JLutliojl ^J,\ ^liaj lAAjc c4 \t .i ill Aijjiaj! cii, ^1 Ijli 

(_^aaijaill lA*^ iCjlxijjll oi& ^gJc. IjLajelj .l^jlc e^Ja-luul jljJ till jjliiall 

(joj jAilaJ - jjl^Lo jjiu tjjiaaS ajLuJI Jclij (Simulate) <^Laj u' 

(jjWlj ^g-ioU liA j io-l-la-a AjLSLua a Ajiaj CjIjjAJ £3jj1Li ^jSJ (jl (jj-^! 

. J jaLoiL 4jj^ ^ ill t(Time horizon) ^jJI 
(_LuiUl»il ^Uifll ^liSfl jfa^oll SjjLJI (i) jjjIxJI ftlSH :1.10 JjJaJ 

j-Vjluj j2*jJ ASjjIs J 











0.45KRcnt 
0.6Kpcrrt 


0.85tcnt 
0.5tcnt 


0.1 25^ 


p 
PI 

PID 





(isJfrl j CJ^3) * 1 ".' SOW"* ^ lP' E^-^J 4j1»jl!I ejjaJI 1 _ r Sfr AiijUl sift AajJu (i) 
Jjlfr ^> i<_ji all Aiaj^uVI AJLijia AlUxaj ^ J i ul *" » *J^*." " AjlaaJI 

Ajiaidl ~ ; ■ ^^ja Sjaiuu ijy^i jja$t haB Uui jl J jj ; t<UlualaHll j <UL>l£jfl flja.VI 
<L»j2 Ajjllaafl jjjIxaII L-n nAJ .(jajUILj SjLjLuiII CiljjlAia IJjj c^i) ■■ » jjfr 

. J3>jUII 8jj3j ^J^l l-lul^l 

Conclusions 6.10 

o^A (j-aj . (JSLujaH J_a^-Sa 4jl3Jj Ajjj^JI <jjaill ojjjjlxu ^-3 ^^aj]l (jj 
jj3jj j ^Lajj jl t(j£^a<a Cls3j (JaU oAj^i. AjjJ^. AjLaC. aJ a ■ <aJ jell La (J^LouJI 
jl_)£j]j to?.li£ i ^*l t5 ^C- Jj' ^" 13 tillij i!>l*a oJj^._aA AjLa*J D ail <_Sj_)]a3! 
jj3jj jaJj (^hz- ^J^° (j^fr Jj L aa ilj AjAj^ax AjjJ^ CjljlaC (JjitjjS 

^■tajlla (JjJ I^A j tAjSljAllj (jJiLjall (jj^a (jc- Ajjj_)*-<aJI CjLa_ci*-a]l 
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<Jl*il ^gJJ (J _a^J (jl ^gJj o^jjiJI oi& ^liajj .<jLa*JI S_)iiJI ^gJc. Ig-i-a JJt&ll 
^jj i adll a^a i all A^.j]l_s sL^jVI 4j1,otII _)f^J 4 <ij\. aj 

.L_a^JI liA J _»x<a jJI jJ Aj-aAl till jJlVl JjSI (J* SjJaUjillj 
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Process Economics 

Bjorn Kristiansin ^UluujS 
Eu Biotech Consulting, Norway cAjjjaJI a\ jLiiutf Eu 



Introduction A-ajLaJl 1.11 

A^.j (j-o AjLaxJI I - '1 J ^ ■ aiial J 4qU'l<i\l e-UjuiVl J' aill I^A (jjjiaJJ 

j&j ?4jaj^lj (^^Ijj ^^ijj <l^J-« "ill JJ-a J AjU-S AjIaJI .lLo AjIc ll lLttC. p jli^s 

(jl (J$-uJI (J-° ^51 l — * .tSlljS qjiA SjjaaJI Aj^lj tljJJ^ Miui jAjj lilli 

* J J* ^ g 11 aju ■ "I L_Li.jJJ ^gjll till jJ^I La i—S^^sJ LaJla. i(_£^kl 

ttyai j^s LSjIc tAjLaC AjI CjUiL^ajfil £^ajJ J^Vj ?L^k jJfij ^1 

(iL a^J AjLiC (JjiaJJ V J.^.afl lift j|£ |jU (Ajlftj .Ul^aj «.Lsdjl l-lfall 

r'hujl i aoa^l ^jL-aj 4^jLia1I £-a (J^btij (jaja '^jjAjj V (jl c-l^jlla dililU 
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i!>l!Lo (Gemferlin) jjljia-iaJI :Uxa^. UJ cJjlLa jr jjj-* J] csj^" ^k- 2 

(""J ' L)J^J°"J?' 'I (J- 0 *^ l^-» ■ AIajuJI ^ilt ^3 a jaJluLj ■ all 4_jlc.^)li ^ jjia _jAj 

jjLaLtll lj] 4 a i jl La Lima j ^Ixj jl 1 SjsSj 4 Lull 4 3 1 h'iII i3 . LvaLajAl j-a (_>uJ ? jj£ii 

^Luj jLlaYL u 1 

Lil (jj^jj (Marketing people) jja d ^ l> f*^' .s^j^ aj a£>UJ! 

.((_^a) S LjjLuia jxjj jl£ Ijj L_aiuj jiiiall 11a jLUal l>° (l>") £^ ^/'^"j 

jl ^ 4J2VI (J LJU> tljJJ^ Lialai V jl L-iaj ^gjJI <_£ja.YI AiiaaJI 

jlaj SdljJ Sin jSlj ijjiui B^C. iia ajL«JI s^A «32S 4_uialia]l Amtreilger 
L_taJ La i jjj .6«.ja£]l JJC. aflJlibjJa (j-a __u!i£j ci" 3 ^! ^^J^^ 3 (J 3 ^ ^L^ 3 ^Lj ""'^"'"^ 

jxjMij jliLVI (j-a ((_>") ^^"j LijlS-aL jl£ IjJ JJ^aJ jYI AjIc- (jl 
?rLuLi ^ jj-a%-a UJ^ LJ ( j,*-'.'^ L>° L>° LPl j' ((J* 3 ) J*-"^ cs^j J J*i 

(_5jaJ 4ja.Li j-a .<Llla*]l ^ Uj.J ""'*'■" all AhliUj.ii Iu&j tl_l _aUax]| j^^ll (jjjSli i— iLj-aS 

I jJJ J° OJa SI jl ^gjj Aj] jVI I Viloja-*." l-JjLluI 

t4ij^>x-a AuijLa. (j^al j&l <S (jjjj 

t<G-a aajl^l Cjlc-^aJI J aaJJ (jl (jLuuVI - ■ ua 1 (j-j-aJ 

t<l£_lj 4j ' °l ■ au (jl (j^-aJ 

tLajJC. (j-a (_Lia3l ^-UiVl /j3 1 a ^ la^Luu ^jll AjjSjII 
tAjfJa£^ II j AjfLall (Jjl jjJI <&^uiJ 

: i diJ^aj UalAAi jli ajIcj 

. (jJja-aJiJI ^LliV Ltli-a-a - aj aj (jl (I) 
^li ajj] (Jjijuull L_ajH£jj JLaJI (_>«lj J^ii jjl l) 

.(jjiaLba ^jj j3uji ^1 JjaLu ^lliVI (jl (jjfi jjl 
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Where to start? <jJ 6* l.l.H 

(iliA^ ^gjj J J* J 1 1-JjC.^a (_£_jiuo ^tijj J^Jt-aJj ^ jILaSI ^gjc. J jj^aaJS 

: Jla cAjjlkJI t-sl^ftV! (^ift JajlSI I^jj LaSU. ^JluiVl t> -lliJI 

Jj^iaJI (j£aj jj) (j« 
?4j1a*1S <Laj!>UI o_)^VI el jl^V (JAJjIIiaII A^LmxSI j aa - St _aA La 
?Jj^.j-a ^iina (JLaaliml aJ al .li-ia. ^ u a ^liiaJ Ja 

?JiaVl a^I^V 1 (Batch) a^A\ ^ ja L 

?AjAilajj Clllial j^a ^jJI ^-tiaj Ja 
?l$^Ajjj L-LaJ (JSlI Ax»S3l j-A La 
(j j^J ■ a Ig-i-a Ij^C jl al i4jt3^]l allaij ^liijVI J- 0 ' JC- ^Jo^ (j jSj i a (Ja 

?5^L^^ll (jjjc- <Jj-*J >^jl J- 4 ^ J' Clll jJaa ^gA La 

AjCjjj Aj-aS '<_£') ^A^' CS^ 4jLa*]| JJjtj _oA La 

JJC. _)il jL^ lill i_>"^ CS^-^J '4-SiuiVI a^A (j-a (_^l - 1 i "I (j^-aJ V 

^jA <JluiVI si* <LaJl»-a] (clLall Aijjlall (jl iLalc .IgJU-aaJ Aj_aa.l ( _ s Jc Jj ■ aa SI 

tj-U^LajaJl (-A La :_&A aj a ■ aall ^ jLl*-a aAl (jl .odi. ^^Sc Jlj-ui J£ 

<J3J (j-a (jS aHui t(Jlj)jjiSI I^A t_ll Li3^)C LaiL^ a jfliuo ^gjSI 

,(_5^i] AjaLial AiLail 4jIj i<5luiVI 

4 _ s j1I 4j-a£ll (_A La i(_^l . (jjjjaJI CjljliicL ojlc ^lliVI (_g jluba J.laJJ 
(jJj^iiiSI ajjS (jl (_pajjajjoi (J' asSI li* L_sI.1aI lA.}.laJ (j^al^C-Vj ?l£*-nS iaJa^J 
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<*<Nj1-»,"t\l ^Jj i^JJj & Uvi...* tLjjiui (jJjitLiaJI (j^i 252 kg p.La. 



Overall production process 



aj&i\ 2.11 



<J ^jjj ^iJI Alternaria s jja-» <lXuo 5_kJ _«j jJjLajaJI 

,lg_La (j^alia]! ^aJJj AjjJ^JI I&^xj (JljJ .<JjC.^all s^Lall ^}-^ 1 ■ J a « 1 J 

<ljc jj^a^xJ gjljuj _jlkJI ^jlilall t5^ Cr LSj-^J <•£ ^ (JjLuJI i^^J 

.2qLxJI IkL^o (1.11) J^l 



la ■ m jJl ■ ** il ~ 




4 



ut ^ A =1.11 
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1.11 jUaVI 

^^Ijjj UUx. „i ^jjjJ jAj Lsjl^aJ ' . '^J ( _ s j1I (1.11) (J^ ''Ml ^j-iajJ 

Ja.1 ^>JI ^ (Holding tanks) iia. CjU ja. <a.U. tsSUA jjSlu: . ^•n^mU 

^liiVI J"* 1 - " jj 4(JIaa]I (Jjfu: ^^it " jg?-*^ (JjJaB 2 1 JLajtiuiYI jLajJal 4 ilia all 
0 jjJI (j-oj (J.^°"'^ j^" 4 " 0 (j-° j ^^-"W 1 .'7- J (J jiaV! 4la.^a]l (J 1 ^ uU (_£-^l 

ciJI Jja Jaia. jlja. ^jaj jjJI jli il^jj . (Turnaround time) 

J3 AjLutll ^ 2£jHall tlll^a. j]| jl lilljS iaa.^ -4jJ^I 4^1 ^ jj 
J3 ^jSj^all .liill jli I-^JJ 2 i j\ U ^ <jjx^i <aJl*-o 4jLaC ^jjJajJ ^^£1 CjjJJa.1 
dj| jUa. "iJtj t a j U , I, j diUI ja. 0.1c. - ""' Jl3 j i£t-uijj]l 4_iLa*-j J ■ 

^^At (Jx*j ^jjll A . ~\\ jl iLalc. .^^AJ ^jiila tjj' aaJj Ajijj 

jolal] ajJa-YI Ajiilll AjLaC (£^y*l LJlc. ^jjjnnll (Jj3 Sjji.VI CjLaJUi all 



Fermentation steps jjo^'fl cjljJai 3.11 

Sizing of fermenters til 1.3.11 

«LttA> OA 4j_4±aJI 4_uilll jj Cilia, icffi 3 M £^ J^-J AjLajtil s^A «.! jaAj ^ jSj LaJljc. 

^lll s^axxll ^UJ| j| JU»U i . iiaaj c_a jjo. li^jj ((Synthetic medium) 

<jaiaJI ?.Lo jj I jJAaJill 4jLaaJ (J^La. _jj (j-a ^^sl f.Lo ^gjj 4^.La. A^jJ V 

' _ Ijliaiall j,.^J°"Jt-^ JJ jl CllL-a_aa^]l Cj^ial . JLajUjaiU Idjuilla jj^J i a 
l*jia 0.3 kg/m jA J^aiall ^ a jl j .AloJI ^ 252 kg 

ojLaia. 1 j i >i jjfll I jli .Ajalillj J' aill (_Ja.l^o ^ gjj alj jl^SS lilLlA (jj^j ' " 
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^Luj ^laaj <_Sjjai (L^Jjai aAxjiM ^IjaSI (jl-laall J&j) X 10 UjljLa 

Ifraljaj jJSlt AjKII ^JjAaajSI AjuJ\ jli .^iuill a*£ 280 ^l ja. 

J J) %75 ^ JUj&I J o^J^' 1244 m3 

.(j-ti-Jl ^iSlI aa^dl <> %75 jA J-UJI a^J 
SI ^>j£ LaK tl^Jj t"'^ ^(aa - ^ L-lul JJJ (JclLall AiK jjl (jaj 

Laic .JSI S.la.j5l ^tijj AilS 



I 



j5l 25 jlfa, 



I 



j^250 



J** 2.5 jj^j 



I 



JcLLal] UwjUS Ll^. Ujj^I 131 UjIj 

(jji-ai. ^^aajuajai <Uli 250 m £AJJ 
Aiiioij a! La iAjxull ^jfl dll^a 
j"-*- all lifc (jli ClLlLaaJ 
AxJj tAiuill aljl a ia» a3 lc-jli ^'.'J- " 
jtlkj L_a jjuiS iAjlcj UKx l^al Ia& 
(JLo»j.i.iiI a i »aj Lj JJ aaJ I aa a 

l^frSj -CMJ^ L> J-aa-oSI 
25 d aa a ^Lj (JclLa jLua.Ll I lilu 
£jjJ i-L>.iilla aa>aJI IjlA jU .m 

J±i*h qa Alternaria —SI 

jli ^ AiUia] .AaJU-aSlj 4il£SI 

4j3 LaJ lj;JjS (jj^j ' " ) " " lift 
(_£^>a.l £_jjLLa A al lalmV 4_Ai£S! 
<Lal.laJjuA£ tllljl jl tUala.1 |jj 

(CMO-Contract manufacturing jjsjJL g/n^i 5-akia 

Uajc. t^ja-all jLul ciiUJU-a <_pa*j aa^a. sjljjj Ua ajj Ijjj organization) 

.Jaia ajj-la. dll^aa^a pLljj JvLi /_pi ajJS AjuoiSI s^Ljj I IjS aJ 

J^aajSI jUaS jli t%10 ^ (InOCulum) ^US aa^. al.laiJ-lj 

• (2.1 1) i_J£jiSLj ^ ■ a j-aSI dll jiaaJI ^gJc. j"'*".?'" 



jS* 25 j**^ jlf? 



iWj* :2.1 1 JiiS 
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2.11 jUaVI 

.(10) jjjjjjII (J-alc j< a~*ji\ (J^lja jl (_£jjjjJall (j^i jjijI 4jl 

3 3 

.25 m oj-ai-o — lm Sj-ai-o — jj] 50 o j ^ ^ — j'j* l3Jj j 

IjA cU*J jl Ja>V j . Jji niill i_aj]l£jj JLall jjj ' «;W<" Jljji.1 li* <_£JjJ ^ 

(jV lilli j 4<uLixllj 1.1a. a.lia. 4ijx-a Jc. (jjSj jl 1.1a. SJJJ' j"° laJaa nil 

(LOW ^liill j* (_psi^ia (_J j"l i n n\ 4-uil i ii'. (jj^J J,.'"'*''''^ CjLlLaC- jxi -^J-^*ll 

•inoculums level) 



Fermentation time <>J 2.3.11 

(Jj^asJI jlajl) jJ-aiall j-aj L-lLuiaJ 4j1U1I 4jjl«-all a ^ "<■,."< La lillc. 

^J^jLalll 

In Xf/x 0 = [at 

M JjVl x 0 <kg/m 3 ) ^1 S^l W\ j£ji Xf Jia, 

.(A£.Lu) jj tt^jll (j-aj t J (acIuiILi) (j-alaJI j/ull Ja*<a |I j i(kg/m3) Ajj-jaJI 
^Ujjll jj£jjll (jl (_£jljjll ^1) aall 1 lijjLij (JvLa. (j-aj <— Sjju (j^j 

iAj^lJ (Inoculum) ^Ul ^.vvwi Lul Ujj t20 kg/ m ^j^' 
<Klall .2 kg/ m 3 jA jjV <^ ySjVl j£ Jill «%10 j 

Jaaa AaJ*L«a s!lcl AljU-alli .j_ft jjll j-aill Jj*-a AxuS jtaj j-a£j jVI 

Sjjj^j (Exponentially) ^Vl UjjL ^ aj^U L£UJI lajje 

a, jJJ jJSll Ajuoij-all j-baaall ClULaC jl jxslJj t— lAaJ V *-<_r" J '"^l J 

^tjll (Jc. .Alternaria II Jia AjLjaJI cAjjlaall cii^j V (_>ai.Vljj i^U 

iljjl VI tAajjoi ASJjia JJ"^"'^ j-aj ASja-a Aj-aJjl£V ASJjIall (jl j/i 

JJ aaall j-aj JJ-l^J (_^3 ojjiJI j-a!i*j " -ill » II 
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Jj^ii --£J Aim J] 4ji.UJI (J-iljjJI ^'u^iolt (J LuljLuiJ Cjj^Ja! Jal 
Ajjj^JI 4jj£J| Jjjj dua (JclLall (JaJj-a AjjooIIj Lai A la c ^tijj AjLaC- f.Lul 



FRMN 1 
FRMN 2 
FRMN 3 
FRMN 1 
FRMN 2 
FRMN 3 
FRMN 1 
FRMN 2 
FRMN 3 



80 160 240 320 400 480 560 



640 
— ► 



dua. (Gantt chart) £ul^ hh\ * ^ S^*2a^ :3.11 J^l 

.^liWI >»i-» ja 3 *S j j n ni t j i2.5 m3 f •?">.> 2 ^Sj j^i-ailj il jjl 250 y 1 



Scheduling 



*JjJ*JI 3.3.11 



jt > ,-iVI j"-^ all (.Luti t(jaj I llil a ^ .^-aLi ^Lal J^Sj^ 4j3l£ 'SJJ^ 

dlLljja a Jiij (jl Jj3 ^£La]l "LjjJiJI AlSl\ JJ^JJ J ■ ^Ljl 4*Jjl SAaI 

taU AjujI <_^jYI (Il^IjII (JaJ^all (j-a J£ iiUji |i$jj jlja. Je-liJI 

.(Turnaround) ojjall sjIcV ^.1 j ^ jj *-a %1j> ^LuVI <kj-a JjIuhuh j 

4 - , '--.j ^ (jlfrlj ^tiiVI (j'j)^ - -I ^"'"'l (j " ■ ^^1 l—ll^aa ait <U jia. ^jj 

.(3.11) J^iL 
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3.11 jUaVI 

^lil ^jit Jj. II jLajJal j» ■ t J »■>■ (Jj» lTi'i AjSjS (3.11) (JSjil! ^jJa jj 

LIU. £t-b-aJj 4elj3j ^JJ U!U jrljjVI j-aa-a (JL<i*!luj^U I jkU 0^9^ 

(Downtime) Jj» &\\\ JjS La j*j lilliS , %\\ j& kj .aLLJI aj?. jll j* liiaj j 

.1 lA,*,,.! jjSI AlxiJ axil -j * ■ ^ ajlc.^ VU-a lilLiA jl _j]l j« 

jil£l ^Ljj CjLI ji. ^J'^ j» i a VI j^i-all (JLaajjo:! I^A (J-ajoU (jl j^-aj Cjl jaa all 
• (1.3.11) e- j?JI <ji ^J^-* LaS t^jalill (_Ulj« J^c. Jljia.1 jl 



jjdtaail LjLiaC LjliAj 4.3.11 
Costs for fermentation processing 

J laJjJ J Lj-^J LSJ*^\ dlLjLmJI CjI ja. jj llll Jaa all ' Lll£j ■ ■ UuaJ 

ja (Cost index) AiKll ^ j$i jli .(Published indices) 8 jjJiiall Q* jtjill 

3il£l1 J^jLji (jli tJHall Jjfui <^C- .^gj^aLall 3iKs 4j1UJ Silall JsujJ <Luij 

394.3 j 318.4 ^ 2001 j 1986 ^Ul a^L^I ^i^J 
f lc </jjJ jVjJ 500,000 j^k-ll J c^ak I3jj 4 J\ jilt 

AiKll ^jUa ^liki^Uj udaS^ .2001 r lc 619200 < ilSlu. Lpli .1986 

jl liliS aj La£ '<JUdl jajll <J ■ L}H£lll JJSJ (jl t4-Lal*]l iIiLjjVI ^ Sjj.mU.o1I 

Jl^ t y\\<r\\\ (j^jlji jj tUjia .jjjaUJI j*jll jUjuoI (Extrapolate) K/ 1 "'"'"' 

. Uj-al ^"u dI jalnLlm j Aiijja ajjal ^Ujjj a IkHmJ lg-i£l j i-Lis alijVI l— i^'-ix-a 
jisJI 4-uSjII <aJui all 8jg-^l (_^i aala CjI£jui lilliA jl tLalc. 

^IjiiaV jjj*JjaL« jjjjfL) Lajjcj .ojiiUa a£J (J ■ fliSVl IjJJ^ (J^juiVI j-a jj^jj 
^jc. SjSjlall alljVlj aAjxjj jjlaj jl '^"'^ aj tOJJJJ g ? ^ (jjj«-o j*jj 

jj .AiKll I aa. a±a. jjosj Ls lc J i_a jjoj j (Internet) Ajj jjaixJI AajjjJI 

aaA jj^J J .(STF) (jj°^ alt jl jiJI ^jj j« I » ^ laliuilui ^^jll C-llj^aa all 
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• 1.11 (J jAaJU d a i <a j-o Igj d Sail vail o j^VI j Ailia all llll >aa all 



*l jwll 4il£j jaLaJI fUaj :11.1 JjJaJ 


(jjjri x 1000) AiKil 


(m 3 ) 




61 




(Air compressor) *l jA SiacLia 


65 


10 


(Medium Ja^jll ju^Vi jljp. 

make-up tank) 


51 


150 


(Holding jSjjJI JiiaJ jl ji. 

tank for sus?er^ 


205 




(Contineous j-l^a 

steriliser 


60 


«250 


(Seed 1) 1 c a 


203 


2 


(Seed 2) 2 C U1 


687 


25 




1332 










jjIIIj (jJJLa 1 ^tall jxi-all f * ? ja. (*) 






4.11 jUaVI 


lSjLujj ex-factory 


nil ^jLa- <al£ tjA (1.11) (Jj-iaJI <^a A~.,A jxll jlxjuiVl 



. JjliaJlj jjl^iil axil L-jL ^J^- T~ ^ <_ s ^ t J J 1 A*3Jj ^ill jx-uill 

a^iu lillj^ JaaL*)/ . AjsI i iaj ' ijHSj ^jA LjJ AJaij^all A-lm^jfrll i"lljl«i>ll j » j» -^V^ ■ ■ jp j 

.(Containment) si jW^I CiLAkla JaL (Basic) jjj^A; 
Jim (jlj ^tiaj ^i_ijaia LijIjj ojj^-o l^Lalmj jJill (Alternaria) <GLu Cijl£ lil 

<» 11 » A\ j (JaaJLm 4 J aJ a i adll dllLi j *tl ^ ajlj^ll (jl j *l jla.VI (j-a < _ S ^C-I 
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Jiuil l*lx*l\ d\ jkl 4.11 

Downstream processing steps 

CjUjLo J\ ^jlxu : (Holding tanks) -kiai tiAjlja. 

^1 jij .lljp Liil Laic. .(_£ jus-all (Jiuil CjLaJla-a (j-a J j^l <li.j-a]l SjjiLxs 
<La.jva jjV tAjltill Afa. jll J i "V I J&L> U^-°rJ ^° ^ J- 4 ^- 0 

(Jiuil ail (J^J^)- 0 (jjSj . JjLVI (j-ajll i^tS ^Jilt AjLutil ,_A si* jj-aiall 

yl j^, ^Jj ojjaiL^a J"* 1 - ail CjLjjla-aJ (jaj3 j tLajl^ ^^-"l ^^a-all 

jlj\^J LlSlfi (jj^j 1 " ^JLiJI '^Ljl Aiui j-la^Jil £>.la jl LaJj .JaiaJI 

JAa^Jil dllilaC- ^J) 4-Ii.loILi Lai . .i=J j ^\-u\ j-aa-a jja a ' . J */' ml JaiaJI 

-l-^^i o^c- ljUjIujV Lal£ SjaaJI (jl ji. jli t£ jwuoVI 

. c LuVI 

JiJ CiUJU-a I^jj :(Removal of biomasses) <jj^JI 4&5UI <SI jj • 

4jLa*]l si* fr'j^J Ljikl LulLa. <J .AjjuaJI *■ fc<\l <11jL) (Jja-all 

jiul) (Rotary vacuum filter) ji-J isl jla^Vl ^^Uu 

jj£j j -Ir^ <_]5Lij AliLaj 5i Jj*-a 4_iiai]| o^A (jj . (^j^till (Jj^aall 

jiiall ^ Jj^xaJ ^Concentration of filterate) ^51 jll • 

4_i*jjj Luli t j;Laiall (JjLui jya '^^-JJJ jjUjfiJ^Li. V^T <i (jc- ojLc- _J*J 
La a!\ j) liiic L-ljj ail j-a SjjjS J laHuit ' . '"'^'^J ' > 'j'^ " (JLuUjjjIj 

(J "1 ■ JJC. _&A Lii,jUXa (jl LaJj ' . 'J ' " j"'^ Al^jpa (Jj2 pLall (ja (jfLal 

JJ-^ llil J eLall 5JI jL ajiLmi3 £>jlj»all 

(JjLu Jjpil : (Product precipitation) ^rjjiail s^jj • 
.^jiLall i— iii " ji* t _ s ]c (Jaxj (_jill 1 ; u a all ' 4%90-80 (_gilj=>j jjAiill 

1— ill ajqll AjLaaJ i^jjjj^sVI ^^Lal 4 . ^-il -> t^^jLaVI -I lajlml 1 i ojl lijlfLaL 
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: (Removing the precipitate) c_iJ jil <!l jl 
^l-ikiuL oj-a '(jijj-a j»l jail (c^A^I ^ ji'uH : (Washing) ci***]! 

^JJ .f.La]l »l laviml J oj^ill j " _1J ■ ajpll AjLoxj - laJLml ^111 '/J' all 

J jla all c.1 i iaajj ^-Ijlall ^ jjlall Jj f.Lo j ■ ■ iJjLa AiLiaU lillj «-'^>?>J 

(UalLa. .^jjlill AioiiJl o*j r jSiall 2 & ' :(Drying) » Laaall 

(jS-aJ ^^jll ■ " 11 all (j^ 1 a * * ^Ijjl lilLiA (j^j cLoiLuij 1 a Ljjii.! 
^jljiJI jl jaLu^lj jl L_l jllaall «.Lal! L-luia tlfrSI aatluil 

ciiUjU. Aii^j a*j ^ jnA l_s1*j : (Packaging) ■ ij^lj ■ . u!»j1I 

(ja ujjj l^&la. (jj-^JJ ^-aJvLa 
.4.1 1 (JSjoJIj a - . j ^ ^^a^al! (Jiuil dllaJbtx 



5.11 jUaVI 

(j-o ttilli Jj 4iLiaJ .(_5j£^all Aiill o jl—i, ' A£.^)La]l Ajl jU,„VI ^j^^s ojlai. 
^gJSJI (jj-all ^Li.jlail ^yXLud AjLuC. iJJjia (jc AjjJaJI <5j^1I <SI jj ^gJJ 

jlji. s^^Uo t_jAij aJUJI si* .(Whole broth recovery) 
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jj^»$t Jiwl Cjl.aJU.rt 4iK 1.4.11 

Cost of downstream processing units 



1 c*L*-<jl>. 



I 



i — 



i 



2 ta**« (jl j±. 

T 



I (^) ls j*>» ■>> J— ► 



i 



.jAaijJI (JjaJ ^j^aJl Jiul CiLajbua :4.11 
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fl j^J) (_aJl£j :2.11 Jj^J) 


(jjjj x 100) jj-aJl (> fl jM iilS 




170 




(RVF) ^ jia JjJ 


82 






36 




25 m iaia. £)l ji. 


22 




10 111 -laia. jlja. 


156 




(2 J-ic-) lS jWr- 


64 






350 




^1 J-j^ll 







jLwiuil AilS 3.11 JjJaJ 


(jjjd><1000) *ifcfl 






1 86? 




1 LI v„. 1 o ^Jg 7> J ' C- 1 H 1 ' 


535 


EPC x 0.3 


CjjS Jill 


892 


EPC x 0.5 




535 


EPC x 0.3 




535 


EPC x 0.3 


«Ljj (JLaC-l 


178 


EPC x 0.1 




25 






71 


EPC x 0.04 


(dll^l g l7i) CjI 


446 


EPC x 0.25 




89 


EPC x 0.05 




125 


EPC x 0.07 




714 


EPC x 0.4 




535 


EPC x 0.3 




6464 
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Capital cost JUM q»\ j <JL»HS2 5.11 

.5.11 J^iL? 

^laa «. I (j^-aJ . 'tail* all CLlLlLaxJ UUa. ^ 5.11 (JSjjjII iJ -laa.V 

(jxiS (_£ j£j-a]l Afil! ojg-il -I laliuil .lie 4j| 4 Laic .(Jjuutil ?.La j ■ -1J 11 all 
AaJU-all till .la. j t-\j£i AiKj 2S\<\I jajj ^i^all jLajluiVl 

*jjlkJ CjULu^JIj .1.4.11 j 5.3.11 ji>fl 

• 3.1 1 <Jj.laJLj oLjjl ^ i a j-a L-SjUa-all JLaJI |_>ulj jLajIuil 4-aj3 JJ-Jail 




Supcrpro - 1 1,1 ; ^1*4 j;-^" 11 j1u3a! A^JUaII ol^lai :5.11 JluJI 

.(^^jaaljjjj Designer, Intelligen, Inc. USA 
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6.11 jUaVI 

i ii-.l , Witi jc. (Jc JSjjJ 3.11 J o j^LJI 4iKll X«1*J 

J j^JI ^ uiaLijll <JJ j& {Jk J ft. JL .(Multiplication factor) 

AjSjSa j»l£jl <Uua]l oi& > V« ■ ""*« A la a elxal j-" >» Igjl Vj tAjjlii *J'^ A^i^Lo 

.Aji3_j^j «^'«- -""^ j ^ _jJb jjIjj lAjliiil ' ■ '7- J (_jj]l A ajall j] . l$j^T.lx^i CllAkl 

4 <i jS jla tl^a. LJlc- L_ljlla-a]l - 1 j4a.VI (_g jfima jl£ Ijj t(Jl!La]l (Jj;-" (^Ic 

jc. iltaJI lie. li^jj .0.8 J^j (Multiplier) <_ac.Lj»«]l 

jl lua 11 J ii.U jl jSJJJ' ™l (jj^) Aj-aLtll CjLjjYI ^ i__ic.Ljaj]l (J^l jC 



Operating costs JjjLuuJI <_al£ 6.11 

4<Lal.lYlj 4(jJ-alj]lj 4J.ilj£]l te-lj^^llj «.La]lj _jLa-JI -I ^"i, ,.l j ' 4 Jjl J ajS SI 

Cjljsall L-lL (j£.i<i]l (j« • ••'J$-?>VI el^jjjil 

(jc SjIjc s^a j .(Process stimulators) 4aJU_a]| cjL£U^ JL«iJ ja 

(Jjxjjjjj -j * ■ — Jc-Luij g^al^j lilliS .ia. jj A alSlI CjI jj^aii jSjj g-*!^ 

CllLa_jL«_aJ jSjJXajSl! Ljjic. (jaj I a ,j .^AjaLjaj CjIf-l^jS .J^y ""^ 

.Clul l^jijj ) _ s j1I CllLa jLlaII jjjS J£joU Aajxj -^aila ail I llUSI a a 

Consumption of chemicals ^uUa^II ij^JI (£l^lul 1.6.11 

ilA jVI ojLaJI ' iA\ S 1;'"'^ (j-aj i^LiJI jlj^ll ' LjllSj (jL ^jt^J l^i LJlc 
dlLlLaxiU AjjlLa Ajj ; i^J| A nq'ill dltjLajLS ^L-ax JjJlxoJ ' Lll <: -"' j-a ^j-icl 4 u.1'1 jj^J 
i . mlL-o 2" jUaJI A-aJ3 (jj ■ - tillj (jxi I JyLaJ jj£l Igjl Laic- .4jjjlai]| AjjLuu^II 
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JiLa l4 • Lttll 4_AjaJI Cllti jl jja. t4jiax]l ■ 3jJ ^* j-a La^a 

ClA-pL a23l jli tAjjjuiaxJI (_paLaa.VI Jl tajJj£ dlU,a£j gcJJJ ( _ s j]I CjLajjj^/l 
^Aila j^ J° "Jf M 1 ^LiJI jlj^ll ' &A\ Sj e-lis) I JJJ^ -laixj «^*'- a all 

jjaj] d , ^a^ \ « (JjjLujVI OjLall 5iK f.laj'VI j]i AjIc-j '^J.'"'*' 4-ajall ^Ic- £ J^i-a 

CjLjLaC -U. ^ 5 4j( La£ .AjLutll AjaJj jjjaiaj] ^C-Loui J-alc i4j&\ j .LjjjjjJa 
<k.j-all oiA j!&VI AjIjVI S-iLall JlaJ (jj JJ jSJI J^axll jli ( jxaaalt 

(Molasses) o jo '^ 'o^j' j- 2 ^" ^-i* u^j ' jjj^JI ^Vu.ri j*j 

■ . laJ <La»Jjaball 4j] a^LaJI jl liljjj jl I ■ '7- J i 4 1 aja j AjIjI jl_j<a jc dla-JI 
<la.j-a]l oi& U£jj j£] 1 1 jdll a ^ j-baaJil AxJ La (JaJj-a j« (_jl £-a (Ja.ljLJJ V jl 
jaxujll A , ^ jA. j Ciajjl (_£.iljj]l ^jj^axdl (j^aja^ll jV <-^i J ili<il jj 

4jul.ld.jS II ojLall jj .4jjoill (_£>La. ClAj JJjjj J 'AjJIc- 4jJ^ Clll j j 't^C-jj^ 

t_iLujjJ (J - ■ (eiSI i-JjiaJI ^ 4j1jVI si-all 4iLiaVI AjjUiaII ojja. jil 

jaj jjiall 

<fc j SlaaJI jLuJ JlaJ JjaaJI <J ,„ jU^/l jl iaa.V .4.11 Jj^aJU 
i— ll^joa all j^aJ (jjJI ^1 j-all jlsuuofl jft IjJ^ ' tllaJ 



AjjIuJI ' AjtK'tt j ^ j j]| jxui jJI <_u£ jj :4.11 Jj^J) 


( jjjj) AjjIoJI AiKJI 




(kg/m3) J^jUl 




35640 


0.8 


50 




8091 


1.8 


5 


(NH) 2 S0 4 


7324 


4.11 


2 


KH2PO4 


321 


0.36 


1 


MgS0 4 


2 


0.35 


10" 3 x5 


FeS0 4 


1 


1.23 


10" 3 x2 


Z11SO4 


1 


1.44 


10" 3 xl 


CuSo 4 


306 


34.34 


10" 3 x 10 


jj-aLllj 


91106 


0.2 






142790 
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7.11 jUaVI 

CjLilaxJI <jl jA /eCjjJI jll (Jjj-alij (J J 3-a£-a)l l_iLlluYI .la.1 

A^jJ (J"--"' 4j3 (j^-oJ dlSjll . (JxoYI -jI^jI (j^> UJ-^ ^ JlJJ J-ajl 

Cliljj^o 4 i al IjlA g i gaJ 4 , dlLjj'uiiall 4 1 aaj jSLaj V s^^jjjjl lift 

^UljIuiI (jl ^jJa jj . jjj£jul]| Jj-oj IjjlLs. ^ ilfc^^lc. *3J a jll 

Jjlaj <jlac. - jf^ jl yV.Sf I (jj*j (jl (4.11 o^aill ^>^j') t-jj-lxJI 



.^jK3! J^l 

Labour costs J-*atli 4ils 2.6.11 

"LaLajJa 4a. j.} ^^Ic IjJJ^ (_l-a*jl ' A&iau ,^_&±uiVI ^Ljl AjlIuJj a.la.1 

AjjAsJI *jl i g^all 1.1a. 4-JI& a jjS all 4a.j.2j o_^_a.VI (_g (jl LaJj i^liijVI 

(j^a Ja*JI ' LH£j jj^j (J Jc J j. aailj .1 nun aL15 Ja*JI 2jt<1l <^.UJli 

^-il^ytia 11 ^5 jaILj I JJJ^ i— uljjJI jjIjj ■ " ua t^li ea^ll ^5 _a^s 4ij*-a (_5jjj^ia]l 
(Social LcLaJaJ J^alfr j Ujjjl lajoi j 1*5 j-a tijJajpal (3iAl jll lHjla. ^ 

= <iKll ^1 t(^JI ...J]a*J! '(^=>j t>a^) 0.3 aj^5 cost factor) 

' »Kj (_gj]lj L_ajjia J ja. j ^gj] ^tiaj (JaC. 4jjtLa JS (jjj li& .1.3 x S-"'^l 

(Shift worker) .ajjIiJ J-lc xl.4 

Utilities jit>d 3.6.11 

Electricity 

cJjjiill j < (jfcla ■ aJjtj I (jfla St j 4Aj_j^j1I (_|La JJ"'-"'^ 1 -*" i— lljlaC. (jl 

(jl^aJI p _jj (j^i l^)xa a (jli s^tliS .IsjjjS CjLia£jj «.\jj^1I l^atjxa lill^lj aJ ■ '— II j 
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J$A /5 kw £-a (jiail jjllc. Ala J£l 1 HP U jliia AjjLj$£ JjA9 ' ■ llkjj (jjia-all 
tAjLSJ (JS jj AcLlu 168 1 (JilAj ^liiVI j'^' jl Lajj .Ajj^jII £jLa t jfLa 

c-L^^SlI ojjjli J ji>VI ^jLij^)]! ^aL-haII .JjjjS jjSiui «.Li^)££ll ijjjli jli 

a , Uo-^ \ ^ [ -4 i\U-<^ (Jjjj jj£j jl Lai AjsLiII Cjl.l^.jll Lai J all jA sjjj^II 

ci/L^luil J JJJ^ (J£.JiJ ^ALuij V (^6^ ^-^J '*J..'' ^ a SjfiSJ (_L«U Lj-jl jl AiUall 

.Aiiyi 

Water *U1I 

^jLu^all ^l_jjl ^Jaa a jV ( -uiLuil AiK (_Lslx£ tLj.ljlaj t$.Lall _>fi*J 
lilliA jjfu (jl Aliall jxiS 4_}lc.j .Ala «JAl£ CjIa«£ ""' Aj JJ ttaull dlULaxllj 

(JLaaHuil (JjSJ Cilia J j.baajll AjLaC die. jia AS jj£j (jl j t£3_a-all ^ liL (_><aLi. jjj 
e-Lall ^liaj V I - ija J (Lljjjl Jajoij ^ _jA ^ii ea^ll £3_a<a jl J^-Sj) AjiiaJI pLa 

.Aj^ala. Aoijj jlar. ,_jl (_LuUjuia1I 

Steam 

'"'lj-^ ;"^l <_Jj ajujH «j$^ CS^ CS^-*-^ i« ' --^ ' jLiall <_Li*JjaiJ 

(JS3 jLiJI (j-a 2kg Jlja. ^liiau Lj-jji t a j,<ili,na]l -ja.MI o j^a.1 Jl AjjoiilLlj 
(J-a*JI J] A_a.lao LuV Aai.iiL.hV I (jil^^l j^s jA jLiJI jj La j-aC ajj^ 

.La^-a Ail£ <_Lilc. (J^ulI V Aj£lj iA_aS*-a t_ijja ■ " lau 

Q\i ilTnt AiKl JJA9J Jc lSj' aail LuLLuia. (_3 AjjAui<all Cjljaall 

• 5.11 J j-IsJLj A-M^-i_ax> 

j Jfr Sialyl Cil jaall jl 5.11 Jj-iail j-a Ja^Li 

1 g » iL tAiKlL a-oaLuiaII <_Lal _a*JI ji£l AjUuaSI j (Depreciation) a ^qll 

^Luj J y^a jll AilS La jVI l_Sj»J liljl LaJ AjjLjxjSlI A ytl\j JaxII AiK 

Jj, iK J j (j| jjj^all ^ilj jl liljlc t252 kg 0 jJ3 j ll J°J "-^ II j-a (_5jiui 

.AjLaxll oiA j-a Ali. Jc- 
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Jjx^I 4iK :5-ll Jj^aJI 


(jjjri x iooo) im 






143 






502 






92 


kw/hr jjjj 0.08 




21 


s 10 6 <JS3 jjjj 35 




2 


ojjtjoi 106 JSl jjjj 5 

ajja. 




8 


Sjjuo, jLS 106 JSS jjjj 10 

Ajjlja. 




O'H-O 






1 f. 

lo 




1" 


zu 


t 11 II * all 


C- La 


6/L6 


^/n 1 O * .1 \A - (**•.!"*. . t A_ ^ . * ."*.fll 

/0 1 U "J' ' Q a (JJx-o / uajjal 




6^ 

O J 


, \. ^,„U 2SK % 1 




75 


JjiJnll AiK (> %15 


ajtal 


47 


JjxjjuII AiK (j-a %2 




75 


ji£]| <aK (> %15 


j;"'-- all 


2358 







jbuLyflll AjJluajaVI 7.11 

The economic case for investment 
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jjlcj (Gross margin) <^WV J»*U^ j (Payback time) i-iuJI 

:^IjH£ aAjiuz ^t, j (Return on investment) jUiL^I 

^Jjll yr^j^ 3 /lS^ jLojl^VI = (j-liulllj) jlialll (j-ttj • 
cMl/^U^I gJjS = (%) Jl^\ J^l\ • 

JJLJ^\/^J ^JL^, = (ROI) jL^VI jSIc • 

o^jA (Internal Rate of Return-IRR) jjUI Jj** Aijla ^wWi 

> IRR jj . jjji-VI j^VI J-«iJ lilJiS ^ikL^ UjSJj t^Ull JjU-.tl 

jLojIujI ijc- Uja jC. i aaj| ,^3 I jj «lj1uiI jl I jxjui jJ I jj A J ■ aSj ^gill ^jlxJI 

.lie. jL-a ja (Cash flow) <ejW^ Jaili J£l aJUJI 3 ^£11 jlj < jUjIuiVI 

I jj^uj jJJ AiMaJI 6.11 JS.ui31 jJJJ .Jjlull a JJ^aa all cSj^' Jaill J^t-o 

.^Ejlill i _ s iil^ll Jjl*ll (J.1jl« j U^jjla] 



80 -I 
60- 

IRR(%) 40- 
20- 




0- 
( 


) 50 100 150 200 



.^liljJ! JjUJ! (JJju. ^ jjJI jx« jjiib :6.11 Jlill 

(jli ts!)lc.l 2 - . ^UjVI Ajl-ac- < . i>ii-s j 4j| 6.11 (JSjill ia^Aj 
.%32 100 
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jx (jj^J j£l J '(jjjjll • ^ J ' " 4 J^" T ^ j]i - >*-" 1 lij 

4 JLa. (_^l ^jlc. .^JjjaII I^A JiLo jjliliui (_ji]l p.!>Las«JI ^l^jj 1.1?. ' . '» ■ <all 

%32 jl-ilaJ ^jUJI J.l*-a jli LiA UUftA.^ ^Jill AjLaxJI ^ jj <l..»dllj 

^j^UI (JLallj lilljjjjl JJJ^ (JLali.1 lilliA jjfLluij tl.1^ VjJ^a V-l*-a jj£j ■ a 
jl£ Ijj Lui lib jSLjUjji (Jj3j ^jl 'Laic- .|_>aLaJI tilLm " p.Uj ^gi 

jl lillk. <J>-JI 1^* Cf- ^JV^I ^ -^J J^' £J^aJI Jjca. liljlLajj 

.(Cost Sensitivity analysis) 5iK]| a^Lu^ Jjkj 
Cost sensitivity ^ Luilm ^ 

(_J/slc. jl^La Jjlaij j£<aJ <_Ja jl ?4jL»x]I jjjuiaj j^a-all j)x (Ja 

4-l...UJjII J-al jC jli 5 . 1 1 J >i?JI l.l.A ?JjLJI 

Depreciation 3-ajill ^liijl • 

Maintenance a±^\ • 

Labour cost W cjJlS • 

Chemicals ^ j"^ • 

jl (Written off) A^Lui ^ ^ ^l.ikU jli t^jjll ^ 
till uj 3 ^; V 

La£ .AjUaJI oIa I jj^ 1—lxJj (_£ J^.1 4jlLa ^Ijj Jji-jl tilli J tLajlj lillj (J^C 

ojLati. ^IjILjj il.la. ^Jlc- aJ^II (J-a«-a]l AjLli-a AiK jj£j (jl 1.1?. J""'^ alt j)x jl 

jjl lilllc. j£l J '^>^l J^^i ^J^S Ijl (J-a*JI ' ijjlSj Jljikl j£-aJ 

^1 JlijjVI jli 4j1cj '"S^lc- »jV-a <_£ jj JLaC ^llaJ tililj jlluiaJ ^ aJ 
(jx ^Uj] jSLal .lUJ Ajjl^aj jA ilillil <_Jj-lill .lj£a-a jjfL V j3 j^J ja 
V_jJ2 li .-il (jlxjj^ax ^-a Jiabtill (jj^ia jC (JjjAill Ajac jjLaJ jl .ii3j£^)jui 

^llajjaij jl lj^ J ala ail jx ^ iaj jl AjIUI 4-<aall dlli jTkiII AjjouILj 
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■ ■ lAajl j-a JjISjII aL. LI i j£ (_Ajlall ^Li.jlJ .AjjUa£1I jl j-a]l j-a JjJSjII 

I Jj£.J J3 jjjj^l] jAt^aS ojill jl/j (JjoV J-all (JLaaHuil iil]j£j tlLLui oljj£j 

I i Zajl ILLm 

Price mark-up jx«JI JjJaj 

jJJ 4jjjj jjl libit t^Att«JI jjjaUia] 4_&a<a Jjbj j jLajJ ( _ S J& tilLaC. ?.ljjl 
^1 (_Jj^aJ jl (Jj3 j lila. jjia jl .tila.jVl.nl lejj-a dlml j £&JJ<a t — ^' -.J 3 "' ^cs"" 1 
baJj .4jlia. 4 glr-l Lucj j! j (<luiLi« 4_Lal_i. CjU jfLa ^a ialaJ Jjl ■ ■ laj i-^b*....^! 
(_£.j]l £Jjll jxjuj t_ljjiiaJ jl ' J UK a \ jj 44_aj^alL 4jb\*ll ^^cbu^a jA lila-jlla jl 

4 i ""*^ jl AjujI oj.iii (jbilxJ d-j-I^J 
jaJI jl£ I ij ?iik jiia] jjjj 500 400 jl? cS-lbJI tillfrLuuill ^iliu 

^jill jjjj 100 J*-"iJ "ila. jli-a ,_5jljaLl ^ jj-a -il-ajl Ailb Ajjt i Ia2m3 
jl liUc <LJI ojlA ^ j .%32 j* JSI (J? la.lj Jjlt J-l*-a J jjaj liLlft I jl .Ja.1 jll 
jjjoba jl ajluiVl J jjjlball jjl jaaII ^^fr? 1 J^fj 

Conclusion ^lolluM 8.11 

^ 4jjJa. 4^j 4jW- (j-al£]l jl ■ gjaVI jl 4jLa»JI ■ - ll J jl i ojal JJJSJ (jl 

h_jj£1I j i 4_sJLjsjJI ■ " ll a a (JlLa (Jjbuijll ja jjjxll lilblA j . buuij AiaJjoU <1Lula 

(Jj i ,-il q"l Cjjaj LaKj .b^abiaj jJSlI sjcLuiJI J£ jijj ^1 WWW CjLjj^j 

JJ JSJ ^gic Jjj^aJI i-MOj j\£ t^j . jaj "iJ| 4aLa*JLl Siilc IgJ jjSI Aj-^aLi. 
^1 Lti^' LW^)^ - ^' a ' ilaj> 4 oil j (^JJ^VI f-UjoiVI (j-a . (JjJaal 

AialjJIj (Verification) Ajia*JI (jSaa5l Jla cSj^Vl ^1 j^Ij 
^Vja tdLuu ^ Laj .^jjoullj ^jJU A£)b. ^ jj^j 'W^- (Approval) 

^il <L^a (_gl <1 jj^J V <— a jjj 4j j3 ^3j jli t jj^iai.VI f.j*^all (JjiUJI 

.(jljjoiVI (^3 La.jjia-a iiia.jjia AjjjJ (jl^'n Laj3 U^aj»-ai. iAj alaJ (cill u°J°' v ^ 
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Further reading 



4JL±\ cAp\ J 9.11 



Peters, M. S. and K. D. Timmerhaus, Plant Design and Economics for 
Chemical Engineers, 4 th ed. New York: McGraw-Hill, 1980. It may be 
beginning to show its age, but it is still a very valuable and 
informative textbook. 

Reismann, H. B. Economic Analysis of Fermentation Processes. Boca 
Raton, FL: CRC Press, 1988. Basic textbook with lots of practical 
information. The presentation is very dated but it is still a good read if 
you need help. 

Kalk, J. P. and A. F. Langlykke, "Cost Estimates for Biotechnology 
Projects." in: A. L. Demain and N. A. Soloman, eds., Manual of 
Industrial Microbiology and Biotechnology. Washington, DC: 
American Society for Microbiology, 1986, pp. 363-385. Another text 
that is still used extensively in spite of the years gone by since its 
publication. 

Petrides, D. "Bioprocess Design and Economics." in: R. G. Harrison, 
P. W. Todd, S. R. Rudge and D. Petrides, eds., Bioseparation Science 
and Engineering. Oxford: Oxford University Press, 2003. Good on 
production details, but you might be better off buying the intelligent 
simulation package if you can afford it. 

Process Simulation Software 

BioPro and SuperPro Designer. From Intelligen, Inc., USA, handles 
material and energy balances, equipment sizing and costing, economic 
evaluation, environmental impact assessment, process scheduling, and 
de-bottle-necking of batch and continuous processes. 

Biotechnology Design Simulator (BDS). Developed by Life Sciences 
International (Philadelphia, PA) focuses on scheduling of batch 
operations and resource utilisation as a function of time. 

Batches. From Batch Process Technologies (West Lafayette, IN) is a 
batch process simulator that has found applications in pharmaceutical, 
biochemical and food processing industries. It is especially useful for 
fitting a new process into an existing facility and analysing resource 
demand as a function of time. 

Biokinetics. From Alfa Laval, modular designs that mainly focus on 
mammalian cell cultures. The modules are predominantly bioreactor 
modules, cell harvesting modules, purification modules and 
biodeactivation modules. 
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II f>fl 

Practical Applications 
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^L*d] ^lUi JijjM j 

High-Throuput Screening and Process 
Optimisation 

Steven D. Doig CA>±-* 

University College London, UK ^ 
Frank Baganz jiteb dlt ja 

University College, London, UK 8^3-11 4£L»*1I i4*^bJ aJISI 

Gary J.Lye ^ <j J& 

University College, London, UK s^UI t&x& i<*J^J aJSSI 



Introduction A^jLali 1.12 

JiLa aj-ja ■ all Cjliijall qa t<Ulxi]l dlb j£-ull (_£jaaJI ^lliVI (j) 

JiLa ajJJ^l! CjliijaJ! Jl Ajjoall I - 'I AjJaa jl '"'1 'ijtl'ijati jl <LijjJaxll (_paLaa.YI 

ajjUj <mA <d iCA SI j ;r!l*l] ajai*j!>U]I AjiiaJ Jal jjll jl S^N.fl CiLiij jjJI 

njU-^ Ajjjail 1— ibLaail s^A (j-o ^,3 (JjiLjVI J?- ^ SI (jl 4 Ajc.Lala.lj 

LmOj^ a (jj^j La bile, j iAllj ^ «*■*"' (Cell line) biU. Jaa. ikjj I - Ua biUJI p jj 
JlLaJ bis b^Lall Jaa. ~ laj uiJ I g jlc. j I-n . .i a a j jla dlaJ ^-aj-jj IjjIjj 
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<-jj& jl .(Microbial and mammalian cells) <jjUll LpLk j ajjjjSjJI L£UJ 

. lillj (jS^sl La <U _jjLa 4 al£jj 4ij^)laJ jf*'*' ail ^^Ic- (Jj' aa SI _aA * j* 1 " 

(jj 4 al£ a j <Lljlaxj a i£» (jj^ Lllc- Lj^LaJI ^J_) AjLat \.'°''"'J -J-" oJ (jl tLalt 
• (1.12) (JSjuilL) ^jJaj^i LaS j 4(JaJj^i £-?jl s^lc- (J-o-'jU LjiLiJI ^_J_j AjLaC _jJ_a]aJ 

(Native or ^ jJI J ^tjiUII LjSLaJ iaiJ J jVl (j^.M 1 4ia. j^ll J-<uij 
Luiaj ^LuVI La sjltj 4t_jjliaJI i_iSjJt ^jjj ^jfl Wild — type) 

<ja. jIjjj jl ajjjjIix cjLuaj JjiSuilj [g product /(g cell) /h] L£UJI 

Ajc j jit iaLui jVl CllLjS-al (JlaYI <— aj^>lall -ll-laj J^iiuS 3 4la,j«a]| Lai .Ajilja. 
(J&La. j jf<^ all (_£_&±um (jx AjLatll jJ 4 4ja«j«»JI (JajuSj (jja. ^ 'fjjll <— S J^>^J 

• t ggjii adi t (Jjiuixll ^11 Vj^aj g^Ljjll ^i^all 





2 ila.^aJI 




4 AJa. > *3l 


V (screening) / 


jj>3tj5UJI 1— | 

V(enhancementy 


\ (Optimisation) / 
j 


/ >->uj \ 

\ (Sale-up) / 


















iililJ ■-■';'■<- 
■;.] -> ' 


■ — lj — ^ — ^iUl ^ ^ 
• • *— > . • i~- 




j : .1 -\ "i '. 1 1 J*^* 























ljIjjJ <Uallait - < ' -V 1 JlLu .<Ua,Jj^j jjjiajj Aijjfr 4jlaxi ^a«j*iaj3 ^^-^ - :1.12 

^jlt J^t jxltj 4 ji "j'tjlt CjLaALuuIt . Ja.lj^2t Jjjj J&lijlt AjLjC. ^a <LluU Aiaja-a <Ua,tjla 
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<Jjd\ LJiJ^l] 1.1.12 

High - throughput experimentation 

<luiim f-l^^j tljAilaj cLiLiJI diLiLafc (jj^i 

plj?>J /g ' ''""'"■■'J a 'j^^ IjlaC. Ia^. I ■ llLilj 4j lllSj ij>^-?.l al jaUjall J t-JjLaall 

^ ^j-a JJa J^c. jl iaaa S.ia.1 j 4-jj^2j alkali S-ilc t_ijLaa]l 

J g IjWi ^jj LJli j (Jj i j (_jjL^j]| i_ial jj j (d^tjlt 

jjc Igil VJ tl.ia> 4-i£lsc Igjl <1a jll jOij 4iijia]| ojiA jl (jxi a&jJI 

jAjj .l—ljLaall j-a ' . ilaLlj ^glill L_Sj^}]a]l ^ ^luilla 

a^-o (_J-alc jA JjjjjJI (J_ja^_j]I 4c jjoi jV LjjlakJ A-aJ^-a .1»J al (jj^)la]l O^A jl 

Ajjaill 4cLu^a Oiij .133 ttillj] ^ f/''J -(jJ^C (Jjlliill j! jJic (_£jLaJI jjl^aall 

(High ^Jlc i—jj^aJiil cjjau. sjj^i. Aljjia (Biotechnology) 

jJijj ^illj t HTE J\ - throughput experimentation) 

IjSjJ a jj» i all CIiLjjIuiaII ^^Ic ^lill (Jjt.ijo]! j <lajV -iaJJJ ■ " ' (_£jljl*]l 

AcjjoiJ (_)■ <a3l 4jC_jj Clsli CjLa_jl»-a 
jLuaJ (j-a '^O^-^' I— S.1A jc __)]ajil (_paxjj cAjaAliVI 4j]^C Jj^jJa]! j! 

jj£jjj 4(jia.jjii]lj j_&Jj£]l J^L^aj tLliLaJI J^ 1 (_>"^ I— sljAitLa s^C 

(_^jl jjIIj (J-axll JjSIjIIj lift i—llLilij .'ijl^pJI t^-jjavjj ^ SI aS^lj tdlLiAi-all 

.^IjoILj t> 7.1s W 1 ?- mj^h "<>^ p'j^J ^ ^(Parallelism) 

Acl j2 - laajaiJ La Ullc A^LuVI ^Ic t_uja^]l jli 4i_JjL>il! J*''J 

tluaj 4i_jjL>ill 3_ijla jx j£aj (Laboratory Robotic Platforms) 

lilLiA tLjajlja.! j^-aJ ^^l (_JjL^j]l j^i JJJ^ll J^xll I ■ IfmjJ tiillj ^^Ic 
(_J^a*J (1-12) Jji?JI ^J^ajJ .jJ^aiaj]! AiK (Jiaj l^ia J£ aaLa. Jljia.7 

.Aja.ljjyi (—JjjaJill <Ja.i j^ill Cjllnlajll 
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-ujaaJI ^IjiJ 4-»tx!l ISMS Jeou Jj^aJI 

jJjki J*lj* (> 41\>a 












• 




-j-jIjTi iS j^-i^ll a. 










io A^\j (Chiral) 

o . *> t u^^q 4_Lal^ 




tsill (wild) 

• 


C-C O JJ-£ll (JJJ^J 


L5JF» ( J^) 










.Ob Jaill U^U. 


Ja jJai. ^j-a -lilaJl 
11 A^Uljl k^^A 


• 

(Cell l£UJI ^ <L> 
(jc. t iin^U library) 

• 






• 




(j^aJ t4jjlj_all <*<lj 












.Ac^jjoij 4 ■ -—^ q j 






^1 jj _axi]l \jJsl!\ 
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Sal i ajl AjjlLa j jlilil 
JLn ta.^» all _jxu3l 

AjjLJI ■ "MU'-H 

. ^eJj . . . AjjjJ jjJl 



CiljjU«ajal 



10 »l J*J Jl =UU1I 
100 J] 



e-lla-o -Llij (jjiluAj • 



AjSjaJI JJJ^l 



.dill 



(J'V'i'n OJAi-all l— a jjall 
A ijlU^ (^jj^jjjj^JI 



(kinetics) ^s^j 

j j, OJU^j J _OAoll 

j-ja i aSVl '"'1;H-"" j 



l£Aifl £jjl cjtjUe! 2.12 
Generic considerations for cell cultivation 

jl t _jjllj LjilaJI Ja_oJai. Acljj ^l-?jj A_luiLuil (Jxl jC Sac lilLiA 

a iSa« all AjLaxJI .^tiiVI Ajllc Aj^aJill jl Ajlaxll Aju-u jc. Jajll <aa J ijLiicVI j^*J 
Jc S^iajjuJI Jl 4-^lt lilLiA jj£i (jl Jjij l-<^ • ' "'1 SJiiajll - laa "1 Aj.uaL.nl __)JJ*J 
J& LS^?-^ J-'J^""'^ AjLat jj£ (jc Jajll (j <a« 3 tAjjoi ij^ II j AjjLjjjslI (jjiJjlLall 
Jla t<L ^"...^11 i_jLsjl*_a]t jli tiilliS ^j\;l°'H Asjjall jl AjIUjI AjaAjJ^I Aiija 
L_ll jl jail laJjJ LjjjjL ill Jc (Jill j i^jjiall CjLiaSj LiLiJI j-aj CLi^^uc, J ja. £Ljtij]l 

Jajll Jaib tlg.nV^ (Jh jj£i <4j1«jI (j^Lj (Jill 
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Aseptic operation 



k*&u>l\ hLad\ 1.2.12 



i jtla all LiLiJI iaa. *"* " ^Jj^ *JJJ^*^ 4-ai*-all AjLaaJI ^^-istJ 

L-a j' — jl 5jjc.j-a jje. cj jlill j^ (Culture) jj 

j-aj j-a Uajl S.ilc \J£k±. -lajiai. a hVu . i l .lie 

jJ-aJjj 4j^)aj]l I ll qjj ^ l—lli ClsVlaJI I _a±J /gi J ti_ljC.j-a]l ^jjiall 
Acj^a _a-aj jli 4_ia.!)l£. A^lLall L£)LiJI ^jl^- 0 cs^J ^-*"^ljj Aalllall 

4 alia a ojjjj^ia Cj (CI j-a AjlLi. Aj-ilaJ 

j Aiull ^ a jku-fl 2.2.12 

Control of physical and engineering environment 

AjjLjJjS (jjJjlLa ^gJc ajiajjaill L£laJI 4cjl jl 0?. jS^ll ClLlLa*JI I ■ lllaJJ 
CljY,.}»-aJ jj-^ 1 aSq I j<» 4 aJ ■ " Ija J (_£jJaJI Jcliall aj a i aJ ^^Ic- J AjxuJJj 
jj^J 5JjLoJI JaL-ujVI ,«i (jja 1 11SVI J ^jjuadSI jj^JJ jli -liaJI f._axu] . «Ujjilla 

jaLolaIIj p. _ja£]l Jjgv^ jli ti^jj .(mg/L 7 5 sjIc.) I ■ aia i ^ 

.4-LaAV,! AjIc- ,-i j-ol t^l_a& ^gic jj^J (sill ' jjf i a£jl ! 

i^jjaJI (JclLail ^aUI (J-**^ J *J " ' "**'^ ^tii* jjf ■ "^V^ jj* aj jl 

t j±a i XVI js2 L-Sj^la ■ llaj ■ "' W J jl jj£-aJj lAA «~-l It all (_ff jluL.a]l ^gi Cjlilljj 
ia_aJaa AijjC. <la.j^s (J^li, all (ja UJ-^J ^ """^ _jlaJI j)^s Jj^atll 

jj i aa ' 

(jxi 4jl La£ -^J^ AjLaC. (J^Li, i_yli]l ^jja i XSf I ^ jIuia! ^3 j A3jx^a (ilLiA jj^J 
(_g jluL.n (JjjIjS '(3 Aia^allJ ^l'"'"!! L_Sj^}]a]l ^J^aJ AjLaC pLlilj il^a. ^jjj^iall 
.(4 <k.^all) AjJIjII Jjoi jjJI Ala.jJ (jaLulS SjJaUiillj (jja uiSVl 
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j»iijSI j& (S jliJI dl-lY I JJJJ j^l 4-j.uUJjII AjjLijjal! (jjiiilLall jx 

(JSJ ^^iLa a jl ja. <La.j.2j (J!Lal ^ jj? JJ lillljAj .'ajl A-a.j.2 J tf 'J^jj SI 

(J j' SI (jS-oJ I * jlc ajjajjjJI j jjj1_*_a]I aAA (_>"Lj5 i ■ laJ l^-Jj iLil-i. 4cjj-a 

V AjjJ^JI cllljlaxSI ^Jaa a jl LaJ jlLall jjj£jj j^jll 4j£jaJ gja ■ a ~J,.''°"' ^^Sc 

jli 4 J£Jij sJjaJS (Endothermic) J (Exothermic) 4jcAj jj& 

JlaJI <_i jjlall -Ij-laJi AjLac. j Lj^LaJI aLjc- AjLac. JiLi. aj! jaJI 4^.j.j *J J' 

4-ia.ljll j^> . (^jLuill J' oaSI jLjl) a aa i all CjULutil eljuLuAj t'ojlx. 3 IS a Jixu V 
^3 (_^<a j. ^ SI ij iLlA^J jj^J ^ u 3J-a J-ll$JI f»3jSI CS^" * jK'"'^ u!^ 'cSj-^-VJ 
JiU. 1.1a. AjjjjjJa ajklxJ 

£ jjiaJI (jj j£j j L£*-aJI jaj jJjlx-a JJ-^J 3.2.12 

Determination of cell growth and product formation parameters 

^aJ .13 (ly*- 0 Vj-^-^ -J 3 ^ pl«iV A_1a£ LajS '-'-*'' ^^lill jjjl*-a]l j-a AjA*JI jj 
j-aj <j£ja. ' *J ' "* j"' J ij^-^J • ((J^-lLoJIj C-Jliill jyL^aall l _ s $) 11jL.ii Ig-ic I * U la SI 
jjj£jj i jya. j jlill j j-la i XVI j jjjji\]| ^Ic iAjjJaJI <1jXJ| ^llijj tLL/LaJI 
j^s 4jjaLjJjll ^liill (_jLaJ jjjl*-a]l a-Va jjj 'AjaS jjjlsoa -I laJimi J t^U^aLa. ^c-lljj 
.lJ.laJ ^JJ ta-llt .Iglidjj] ^gJiLaJI L_Sjjia]l Jjiaalj 1-L/LaJI -laa. 4-Sjjij 1 g-alj^? 
dlaJj 4 ql'K o 4_io j j JaLui jl ^Jc 4_lxslj <4aVi-v ^ Ij^La. Ja jl-i-^ oAxJ jjjlx^a!! sift 
(j^i UvLa. -Li. f.la!ijl (jli A-UiS II AjjlLaJI Aj^aI ^uJa Jjlj .4ilii-a Ajjjj L_a J^^la 
A3 I LiLiJI Jaa. (jl ^-a iLJllLa jAjj LaJJ ^jJXaJI (j^i AjaS J^l ^ 'J* " 

j\ (jjJ^XJI jA» exa ^^Ic. Ajal^ll j-ajj V J3 jl 4_a<aj]l ^^^-laJ (j_X_J 

(jj 4 (JliLaJI J^f" 1 (J 6, J •LJli-a jLliJI (jj^J V i_Sjjai3 iAjlc-j t (jji.tLall (jji.jjLull 

lia-a (Cetabolic enzyme) L>a^>> Lajjjl ^ -^ SLi - 

<SjXJI diia. (j« ^jolaJI jj-a LJlc- V jj^aa-a Ajlj i^jJiJI Jjj^llll AjlaC 

Lul jj (ju^j^-a jJ^A E.COli Jai. jl 4(_5 ji.1 Aji.U j-a .f-JaJJ J-aJJ Aj^J j cAjjJ^JI 
j^s (JSI Aj-a£ ^ Sa«J j ^ jjujIj I jj!i£ lJ^jjI AIuaJJ jjij A2 ^ajjjVI ^^jV 
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i 



1-100 



(Stirred) ASj^a Sjji.ua ji 
jSi* 1-100 



jau 25-200 



jSla 0.1-5 



. ■ 



4 1 ^1 J-N,"i1 t ^ .0,1 "l* *^! 



DasGip U jAuaj ^1 AjjUall ^1 j>Al»fl (> lS^I ^1) £ jjl 

.(<http://www.dasgib.de> 

L£UJ! A^ljjJ Aua.Uttt 3.12 
High - throughput cell cultivation equipment 

tjLoj .L£>UJ1 ^lj>J t_i££ll o^j*^ s jSjiJI j (Semi specialized) 

^yXLa^JI ^s-a^sJI jUJI ^jli^a (j-) t(Shake flasks) s jjj^ll Jjl j^ll (^) 
jrttiyi (jja—j a^s. (2.12) JliSI ^ajj .(Micro titer plates) ^jjliJ! 
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(jialiixu La£ jJAaII jJj£j J Lj^aJ' J-aj jC- W* -' " ?' CS"^' t — _al*-aH 

4£*c jIUa jli 4(2.12) Jj^Lf us, 

. Ifcjlc. (Jj ■ il j£-aJ (jjll CjLa jl»-all 4j-a£ 1 1 J ^g-ll^aall 

Bioreactors Vfc^ c£IpUaJ1 1.3.12 

c^lclUI jli 4 jsJ 1 Ig-a^s. ^jL (Cultures) £j>> J-a*H 

til] jj AjIULo ^jj ^J&jl Jfi*^ tAJjia all Cjljl^iJI Cj!>lc.lLa Cjlilbj iAjjJaJI 
f_gAj _axul Jj^i lI^-*-^ o^^a-o AjJJ jSjJ ^^£3 . ^^luiill IgJLaJtLul <lj^ ml 

jx Aj^aI JJ^VIj • ALjla S JJ3 jlaj jJJ&li^all JjS j* <ljJia 
jpi SilJC Ot^"* lT^-^ Clba£l jj Cj^ilclLill ^ya ^_aill I^A (Jja. tllLa _jl»-a 

(jx> <L-aaJjouill ClsLa_&l*-all jlj '.lia. (J^-^ Aij^st-a li^ SI AjjjII jl . (JLaailmVI 

jV lilljj t^jjj!ill AjLoC ^ ojjuiL^a 1 g °J. I ^ > "' j^-aJ o_)^».VI 
^jl ■ taxll - ^^ill AjC-j^yll LlujAIA 4 g jl a jin ^jIula AJ^a^all 

^jjj La-a L&aa <2J j!i£VI Ajlilaall a_^a.VI -I laHuil j-a (J*^ 

.4_lLa*ll lj_aa. CllLa _aLt-all j-a a! Jjiaj V (^gjluni ^^Ic (Jjj-aaJI 

' J."'* 1, L$ (c^ 6, '^J 0 '- all CjljljiJI d^l&lLa ^gjoUJ^)!! (jjjlxll 

2 ij\U^\l ^LiJI jl^all ^1*11 (_g jluLftll j ^gJJ^aJill ^lliiU j'"'^ Lall (_g jjuiall 

' Lilajj J^jj (J-al£lLi j(S 7» ^ (jjii-a L5j^ (Jc-li-a 4\;g"' jl .Ajlaxlt aa a ' ^ 

^jalillj t(Probes) ^jUjiaII ^ ajjSSj < ~/°»"'^ j jjfi iajj_»ll j.v j 

Jl^C. (jli 44j1c.j .^>ALa i _ s -iii *l>ll ^tlaJj ^J_ala tj^** ' t'^jlar. 

!i& . (j^ijjj (JS1 5 — 1 J o^ia-a dlSjll (_yaaj (_£_)aj (jl (j^-aJ ^^ill i—JjLaall 

4j^ali.j 4jj_jla!ill AjLaC- tljjl lia. Ajllt ^^C-J^ J 3 **^ ' Lul £j (jj^J (jl j^-aJj 
OaJ jl j£-aJ AJC. jVI 6^1 JJ^VI jli 111 4 jjUllI ^jl>° t5^J ^■■■'^ 

.l&jjljaJ j^-aj ^gjll i_ljLaall JJc j>x 
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2 2L*l2J^| 2,tl Cj 2 cAixA 2jji, « 1 Ac 'sj~\ 2 12 JjJaJl 

Aeijj ajI»c jjjkiJ UU 










iJLall (jjj I/Jle 

JUJIj 




(J£l 5 — 1 i>aaa i a 

^ J«j 

j 


Jil 100-1 


JUJj 


pH 

^ jj\ *i j\ 4 \j i-n. 4 


20 * la ■ aj/ «afla ) a 


j« 100-10 


«afla ) a 




^£ JS1 50 :Jajoij 


100-25 


4 JLoll ^jjjI ) ! Ja i u j 


40 jl^iJl I^JaflA La 

4 ij^ll 4^<\1 


JSl ljVI :W 


JS1 Jo 5-0.1 



tSja 1 axil 25ja^ A\ CjLiI j\aJI JLaj,"i , ill LjuLj Aa3 lllt.l^a all aii> j jl 7."'! 

AjjJI JJSjJ ( _j^ c - »j^-C- '-iJ^ 1 J^-'-' 1 '^ * a la ail AjjJ! (jjaiLa-a ji jjj AjjJaill Cjljl^ii] 
Lax, ^LkJI J)l >1 , ^.".aNfl 1 ^ j , „1 ^ * a jjt 1 r\ ala.a.1 Cjli Igjl LoJj .A^ttfljuall 

1 - ua jl jlall Jo*!] 4-a4^La lilli ( _ s ]t S jilt .AjLaxll jjjlaj <iK Jjikj 

^^giij Jl3 (2>o t ^ L>"^ 'Lllj^ 1 J^C- ^J"> l iSJ^ (JlAjlja. S^C JuLyS (j£-«J 

^Jj J^j ki^a) L?foij Jin j -ra 1 iial Jli Jj*<« lilliS dlbljaJ! o^A j3 jj .Aa.1 j 
.JalaJI AjLat (J jl j^ll jliai] j^luiJI J-iilmYI ■ . (500/h 
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jji^VI j ^^i^jji^JI jjjll (Electrodes) <_>Uaai jj tJaaJI * j^J j 

^lAaJLuil (_£jjjjJall (J^a A : }lcj ■ all Cllljl_^aJI £-a Lg-al .la!iuil (j^-aJ 

r' il t u ■ jj^-^j tJULaJI J^iui .AiK j^lj * ■ ^' « ^Jj-^ ^>jIj-^ 

4j jLa (Cables) cS!Xi\£. CjLlgj ^^Jc. ,_j±a. jja^JI J/ j jj? '""^ 

oAA lia.V (jialjjjjo .(mm 2~ 1 J^aL) '-^ Sjjjt-^a jjluixs AAi ^ 4jjA-aJ t_ slill (j* 
. jjS) Jj. gl iSjj < a j ;» i all ^jl^) -4 ^ Ajfj-al 1 g i-v*. ..1 j ClllaUj ail 

(Shaken Ajjlla Sjjj^l £jjll 4j&jS ^jlywj ^U-a :3.12 JjJaJI 
4jnilj<ll AJjii-aJl Ajjj^JI ii&lelLJL cultivation vessels) 

j L ui a jI ^jj ill all 

J 4j3lj«a]l CllULat 4 Ijx i a j^Ti,„^H JLoll (jJ Jllj-all (Jsl I 111 AlaHo 
S.la.1 j\\ 2 ;j-^"'ll ^ Jal CllLa (Jal (J-aC Cjl Akla 

Shaken flasks Sjl jjjjfl 2.3.12 

J&1 J Jj V Uuj j tl^UJI ia_aiai. A&ljj ^ (Erlenmeyer) 
.ml 500 j 25 (jjj r jl jjj J-a& ^La^aL s jjjs-*^ j-^' 

4jj jaa-all CllLjl J^iJLj Igjjjlia .lie. ^£ jLuixsj (jjuiLi-a Jj^JI AjLaaJ 
/yfo^l J^jllj lalaJI ^gJjLsC. (j-a _)^l AjlaC AJJJ .(3.12) JjiaJLj j^J-a jA La£, 
4j3 (JjLuJI aa a j (JJJ-^I Aj^AiA _a& (jillLaxJI (jJjl* Jit-a J^a-J Laj ^Jja i ii^^l 1 
SjjJ 400 — 100 jl^S-aJ jA ^Jjj (JxuiiuLJ 'Ll=>.j j-aj .(_)^' Ajtxaj -lijj) _)^' 
bjlaj o jl jgJI CllikiaLaJI j3 jjj .AjuLSoII ^Jk C1T1 5 — 1 (JJJ ^*- ,JJ ijjj '^3^^? 
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Ajkk J (Ortibal) ajjjIj jj£j aa J J jail jA <ajj^> j)j 'j^l j l£Als 
(jiLijjJI <j* Jlaj Lg_jV (JjjI^JI j^-ll <ajjia Joa-lJ i Ac J^=>ijj .(Linear) 
CjLioiaU. lilJiS jsjij .jlj^aJI (^ic (Splashing) 

. (jjlj-lll eLall J^-P ^J^ 1 "- (j-° W^S^ '-^J ' ^-J_J-ia^>il 4^>J J ig^- *J 

c%25— 10 (Fill volume) e^ial s^W Sjlj$ll <jjl jail (_L»j 

j) .m 2 /m 3 500 _ 100 j£ ^a.a./Aj'. Vim AjaLuw AjjjiJ t _ ? lc Jj^aaj Asjjlall ai$Jj 
Aja-k^ill Ajjgjll J&La. ^ Aaai lijjaj jja mSjl! (Jjall (Jfljll jV laa. »$-a £(^11 lift 
jpal jj£i Jjjl jail a iA (J Ac jjj-all LjiLaJI jli lillijj tAjC jYl <j-a ^jill laA ^ 
Jaujjll (il^aly 43 jaa all dlL! jaJI ,j AjIc Lax jja_ui£YI 4jj j la a] 4j.uiL.ua. 

jli lag-jj t<La.jx (JSjJu ^C (jjjjail (J ja. tsjlc (J<it""uii<i1I ^IjjjII *Lul tjjLuill 

.Si jia all dljl jaJI ,j I gale. jj£j ^jjll S«.li£ll juali jj^J V (JjLjiII JjJal! Jala. 
,JjS1I Jilll Jo«-a sjLjlj 4KAJI ooA jx (JjJSilJ a iVWl 4juLjj Aij^da lilLiA 
(jjSj .LjlaJj ^3 (Baffles) ja.1 ja. t5 le cSjJaj JjljJ JLs*iJ ^-Aj ujg jl 
La IjjIj . Jjjjall (j- 4 ^JT^? j ' " 11 J L j-a SjIc 4e j'' a< ja.1 jail sjA 

1— AjLaC. 4 a ■ al j lijji t*lL>A lil (Ala. (_p uij |jqa ja.ljaJI aaA aJ <i * <aj jj^y 

AjjlLal jli Jc ijic .L£Lkll ja! ^ J^j tj^n^U J^ll JSillj Jalajl 

Aj_jC.^a JJC. ojALla ^^Aj 4-ljljila C?^ - ^ cs^J CS J Ji *^_jlj (juLjj^jll Cjjja. 

jaLia Jjji ^c saA (Jliill AjLat J-axJj • JJJ^II (3^" J ^ c ' AuJI (JjIjj t^^jJ ^3 
(j^aju Al ja.1 jaJI CjIj Jjj'j^ j»l-laJiuil (jli ^lllLij AjluII ,j sjja.jxll (jjajjiSVI 
Ajj^jII Aig-m LajxC (jj^J Sjl j^ll Ajc-jVI (jli t (Jj.t-i.7u1I AjLat AjjouILi a all 

Jala II AijjJaj Ig^aaja jt i rt ■ ■ l±mj (j£l j .Jjjaa-all (jljvaJI Cjilc-LxaJ AjjlLa (Jxxllj 
Am aaJ — ll dlLajlst-all (_J jlui.a (jli JllilLlj K-J«-ual jj^J Ajil^all is ji^Ll LjiaJj jli 
(j* jiC-jll ^Ic- .AjJjlaill A3 j'' all tllLil jail <ULaj AjjlLa Lulc jj^J V aJaill ooA j-a 
flj\\j Cjjjlall jja ■ ■■^Vl (_>"Lj^l ~ j» ■ ^jLuLaj Sjl j^JI (JJ^J-^I ^J'^^j 
aIaxIuiaII Aj£jjl£jxll dlllaXall jjiu ■ ■ IfuiJ ojIc. Lwia jj^J lill^ jl V] t t -jja.jj jj^ll 
^ic. e^iajjaill LjjS jSxJ j^jll AjjLajll 4-aiajVI ,J J jijpj tiillj ^ j£l j .LjJaJjl 
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jl cLalc .Aj£jjLo jJjl *JJ' "*.' SifclS j \j j j'--"^ AiLjal (J^la. jx ^ jja jjjjgJI f&Jh 
L_1jIa1I jiajjiSVI (_p £ - SjiaJjaiJI jl j 4^jLii JJC- (Jl j V jj^'N (j* (_S jA'-"-* 1 ^ lj* L&a 
-f- a SI jij^a ' ■ .^jLajl! Aa.1 AjLttC. (_£ja.YI AKAallj .AjS-ax JJC. CilljY 

LlilaJI j-ajl L-l^-i ibalt J ilVill AjLaC. j« l)*?,' L 4 " 4 a jj . ^ALaj Ail jfL*J 

Sjl j$ll (jjjIj-^H (j* ^ALajll Aa.1 jli dllj ' J-^- " " ^j"'*'*^ (j^J^J 

jilaj t aL Ai Asj jia£ j . iA\l jlj (JSLAvo ■ . Ujolj jl j£«aj La-a -°- all jalaJ All jl ' ■ AJalj 
jjSj AS lAA j£J j jLajll Ail Ajla*l JaflS A-alAalJ j (jjljAll AaL Aja i bill 

.Ailia_al! Jjjljjll jjj CjIjjUiAaI! i ■ (^ja.1 (jSLui-o 

Microtitre plates kijjS^A u >»aJI jbadl ^JlLya 3.3.12 

jUxi! j^jlL-a jli iAJaAliYI Ajllc. t-_]jLaj pljaJ Jl Aj>U. lilliA jl Laj 
Cllljjla-a jglaJ . IjiLaJI JajJai Acljjl ^^gjjjjj L&^j (jVI - laAuij AjjjfLtall .g-aa-aj 
t _ ? a.ljill (_p«-J J AgjLiba Igjli JtiUjj 4cL\1a£ j^ll 3 Luail jj * a J3 1 oil J AjCjYI 
LaLaJ i tYti." I gjj lift jl (3.12) (JSjuillj ^jJaja jA La£j iLalc .ajlj^l! (JjjIjAlt 
(_£ jlaj ^jlik^ j2 jJJ .oAaJjll AjajL all mm 125 x 85 jIjuU gJJJ 

Aaaiuall <J ilc j 1536 j 6 jJJ £ jljJJ (Wells) AjC jYI (> 4ilii-a jIa&I Jc 
jl jSlaJj < ' " m a jl £-JJ-a jl (_£jj!j ^JaLa dllj 'sJjLaJI AjCjVI jj^Jj '&AaJ jll 
£ jl jjj jAj diLaVI ^aja. ,J i_silla.l lilljA iA\1a£ j .^ui 6 J 0.8 (JJJ LjiLacI ■ a]lij 
20 J Ulfr J 1536 (j-a Aj j£la]l AaaL all J Aa.1 jll elcjil jll JJ^lLa 10 (JJJ La 
( _aaLaJI jljJtll ^jlik^a ^li qj jl jS^uj AjAaaul Ajc-jI Aluill AaaL a J ml 
.^La. jll j jlljjjjj J jjll jl jjjjliua (_jl_»jll ^ J^H j" 4 j-^- j-° JJ^J 

Jc iiUaJI J aAc-L.iLftll ^jj^Aall ^-^ajaJI jIa*1I ^jlij^al CjIaIaui j3jJJ 
La^-a !iLalc. jajdll jj^J jl j^-»J • j ; .'"'^ (Jja-a j-a AaJI J j Cjjllll j-a AjLaxll 
.AjIc ojJaJjaill ^JJ ^1 |jj ALjiall ^jjll till jj3j AjJUll ojljaJI <AjLa.jJ Aic lAa. 
(_A j Aijij A j< j* , „N j AA»ic.l j-a ojIc Ac j' 1 ' a-a oj3 jj-all AjjLaall CjIaIAuJI jjj 
Jc jjLuill jlij JJC. j^l-i. JJSjjl ^j'^>^- t^Liua j jl A q > V j| j-a Laj - laAuij 
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J£l\ Jail! Jj** 

A^La. Cll.il.lui (JjAj o^lt Aj&jVI liljJJ (-JJjoJI '-^J ' LJJ?' ' " ^ 

i - il iul £ ^ t-jj^)]a]l aAA JiLo lllaj ^jj>l! AjLafr ^^aj Aju^ui 

(_>aja JjIsj J^V (Microbiological safety cabinet) AiJ aj^ jJjjjjjlw 



M 





a 1 1 1 1 a B__I_I__I_I__I__B 



Aj.mAj5 ^ " j° ^ jlai« (i) .'U^i^aJ {jj^Lut ^ - jUfr A^aiUd iuiJiA :3.12 Ji^JI 

.3.3.12 f jaJL AjCj^I J 



^fl l£UJI £ J>1 oi^^U ^! JSillj JSLJI jjUI Jok CjUl jl 

1500-500) (^Ici ^Jjj (mm 3-1) Jai Ja a*^ six. ^iVinn 

<J 200 j 100 jJJr jIjjj jjauoigiU ^Jj£ Jaj CiV-l*-« ja j . (aSAj/S jjJ 
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tljjjlj ilc-j 96 11 AjjoiLall .yxaLajl jLuill ^jlL-a JLa*2uil Sic Acluill 

Cliijl AjujxII 4_JC jVI -I lallml (jj •J-^JJ^- 0 200 ^Ija. ^Ift aa a i a^lxxll j 
t Hi ^ U' (j^J <SLaJI o^A ^ jjf '"^ J ^ <-&j ClV-lxx "i^Lj_j ^ o^jli 

(illj (j-a ^^i&l a^A ^ Jaj ClV^oj l4JJjl.ill 4_1C jtfl CjV^xx 

.0 jjj^-all (jjlj-^ll (ci d \ , ^-v* , „ „\l 

I4LSJ <jl£J ^ L£LaJI £ jjl <jc jl£ aigJ SJjlill (jj 

JI£jjL) 4jjjfLlxll (-xajaJI jUxll ^jlL^a 4m<JIj ^1*31 ^^Vl CllLnail 

j^-a-i f-lc- J 96 <^Jlj ^jLL^a -I laHml i • i}$^>4 4 aLIS IfrLtaJ Lax AjjmLj3 

^jsJI (jx <j£xJ La Jsbj (illSjll (jxij (J l£La. Ac-jj 1000~500 jLail LutSI j 

s^a J.vVuhI ^gjoujjll (jjUl (jj •(4 — 3 — 12 pj^JL ^j^) 

Clllj ^Jajll J 4jjlLa ~jUj,„\Ij 4j3l^)xll Clllj^Ll Lojj^aJ Ajjt i ,-1 ^^A ^jlaj all 
2\. aa^jjixll ^LjLiiSI 2_La£ j 4j& _jj jla tlj$Jj .(2.12 Jj^aJI J^) ^JJjSlI -^ ^V 1 
j»L^a.VI ^J^3^ L>° a " <aa -^ ULtt ^ ^cjlSill (_g jIuku (jj^J V a.la.l_&ll 4j^)aa3l (jx 
''J?- jjJj^JI ^Sjllj t_ulill (jja 1 u£j 1 Aj^llaiil ^jLjixII »l laliml (jl LaJj .ajJJ^l! 
dllaLli all -I laliml ^^ic Js-alxj AJjAj jjLjix Cljjjia Aa3 t^jlL all a^A ^ (j£-ax JJC. 

a jjjjj Aiu^ CjLu^I ai& .(Fluorescent-dyes) ^afexll 

.t-jjtill jja-uiS^I jj^jj jjjSjI aLjj - laJLaij (Jill Aalliall (Ruthenium) 

1 gJJ (j^xJ jl ' 'SJ' ' ^111 <—Sjla «.!)Lla Laj all a^A (_Jx*Jjuij 

<kli all ojLjj ^jc. ^^„'° L all ^ sic j JS (Ja.|j 5jjqx AL^ai (jjfcAlui Ajtlj 
jjjLl AjlAj all (jlljj '(j^stx ^^a.^ JjiaJj - j 1 all CLlcL (Diode) ■ijjl-i L.,„lji 
lill^Lmij V 4 » j . t\\ (j| Laic ^Jja 1 aS^fl jj^JJ 4 al ill (j^xJ j;lxx 

t jja ■ 11SVI ^jJjjjx J' aaj ^glill Cllljjijll "Lille AjLaiail dlli ^^Aj (j^-^V 

<jjl£xl (mm 2-1) ajjj ajll <_aLilVI jjLuix! tjj . all jLall ,jj .t_ulill 

J3j t^a^JI a jjt > ^1 4jc-j^)1I 4jc. j^I (_jx <allkx ^1 jjl ^ (Lj 11 a lYj LjjjjC 
(JJiLjS Ll^xx ^ J ■ aj Aij^jiall a^J ^ 'Jf JJ \X " j^^^ U^ 1 ^!^ A^jLix ^)jLulx jJ_alaJ 
jLaJI ^jlL-a (J Lj!5LaJI Jaa. _axj JiLa. (on-line) t'ajjiUx 'jr JJ'Vj^ (*3jil 
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bjJa. liSLiA (j£lj t,Jl ^1 jj 4 kj jj S-lcUll jl j'^^K ^jV' 1 * jjj^I ^il^VI 

.UjljaJ (jLaxll ClliLaVI -J-JJJj .J.1*! 

JjjjlS -I i^" . ..i (jS-oJ t4 all Ajtjl ^J-a^J (_f jl jIaII Jjlajll (j aaJ Laj3 

tjUka jl^a. (jc. a jUc ja j .(Automated plate reader) jil^a ^jg.^ 
(jfclt J ^jjjjjall ad ja] Knii^ ^^L^a (Spectrophotometer) 

(jj»-a (_£.la ^^Ic < Jja ■ toll j ac-ljail aj^a-VI fiJA i— la "j; all ajjiall 

- 15 sjiajj ^ji^ll ^ <:Uij J£ t(jLa jjU 900-180) 4ja. >all J jlaVl c> 

AililS]! (_>uljS Jila. (j* Lj^-i-ll J-aj (_>"^ 'j^^l -I (jS-aJ .Ajjlj 30 

aI^joj <Ljia jijJ l$j)i J^-JJ ' JJ-a jjlj 660 — 600 aj.J3 CS" 3 *-^ 0 ^J^ 3 ■^ £ " 
^Sjllj t_Jj|jl! (jjajoiSVI (_>>AjS lAW^k (j^-aj .AjjjaJI 4jj£1I jaj AjsIjaI sc. jS^j ^J.' 1 "' 
(jl I ■ laj jgJI (jl ( Laic .s!)lc.| Ai jj^a jaII AIIIIaII jjLuiaII -l.^*..<1 \ ^ jja j j 3jg il 

jSj tUlla. 'sji jiall (plate reader) 2 La ■ all ^jla pi jjl ajJIc. jjc. 

j^j Ajjc. jjc. CjI jjjIj t^lljl UJ-^! 

^ jl jl»3l JJuiuJ! j 4.3.12 
Automation and parallel operation 

jj jjxa jail gjj jjj (Robotics) <JVl (jUajVI jJc j»l^aluj| AjjLall ^gjju 
ijx <> aiJa a £-1 JjlaJj £-aa. Jw^ 3 CP' W-^ -3 ^ '-rUW-^ 1?°'"' s^c-LuiaII 

ejUjinlb Sjjj ■ all A3_a4a all dlljljaJI £a A jjS all -I laJj "I ^uiJ . IjfLjLa jj jl ^Ljtiill 
(-JjiuAj (Cj3 jll ^ LjjJa. !>lc.lLa 16 ^aJ) Ajjl jla t_ljla_i ajc (Jja 1 iUj c _ s lt 

^^aaLajl jLixJI ^jl q. ^1 £a ^giSijjW ^aii .Ja.lj jpjjxaj£ jig 1 AjLiba 

in ^J^- 1 g "J ^ fa^ 1 ",'J aljSlI I&jIxjI ' ■ Ijjjij AjIVI aiajll <Jajuj| _oJ ^gjjaJ all 
j-i JaxIuiaII ( -jtJjJall i—ljluVI _jA ^ a II jLi*ll ^jU. ^1 L_ljLaj -I laJj "I jl t JllLall 
^jjaj jS-aJ 1 - Ua tAjjjVI ^^"V Aajiij^ll ^LlajU Aja-liiVI AjIUII aLjxII CjljlaE. 
Jjl jJI JaLju ^gjll Clljjjjjll jl .Aa.ljll ^jJI (J 1 '«\"r>n <-j£jx 250000 
jLuill ^jlii-a ^a A] 1 oj JaLxjII 1 g iS aJ jj jJJjaall Jj3 Ig-llc jiaAmallj 
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joSI CllUa^a ^iii jl J all (_jWI jW? - ^ <j^i "UlaJI sJA (g j jfLj all aa a II 

4jlaC. dll j !->-•> '^** " a "'^ " j^-«J <a ja^a-v j] \j .JaiS IfrljlaJ J ^ulUjll JJI^ 1 

4«.lfcj (Ja (_jl £ - J-aill -Jajoi j £jjjjj JJ L <aaJj 4£tjslill (illj tj.ft.ijuj iLiilaJI f^jj 
^Sjll ^^ic ajialuillj 4L_ulall jjajjiaYI jjajjj AjjjaJI 4Jjall (jjAjiij 4 jgjlj 
LliLaJI jljjiuiY ax 4jljl S jJaa 4iLjal 1 1 ■ <ajl ja^^ll (jaj .Jau jll JJa j J SI 

. j^jll (_a3 jj (Jla. ^3 (_£ ja j-all Jaill jl ^JjoijjII (JlLa 




JjJajJ ljjUjj J^V' *'j*Y ^ 2 » JJ" 3 ; 4.12 Jiwll 

(A) (jjUall ^ Cil jSill ^Lal .(|jjSx»ll ^ aaaJI jLadl £jliua aljaluAj (^JLaJI (JljjJall 
i (C) A ia i ■■ - SjljA 4ajLua ^Ip £jj^l Ajiafr ^jaj *J^*." J-a^JJ ^ aJia^ 
oJ^aaj^ Aj^ajlii ^JlLud jji (D) JjIjjA! <UjlLa iliL^aLa a<l laj< nU jjJl Jjj^il jl jaIII htl < nj 
t £jlL^I ^ jL^a, Ajlafr (> AjI jSfl Jal (jiau ft ja.1 lilliS . (B) QjUil 

f. ta •»■ 11 jW*^ (F) tiLuLa ^Jaiuu .^jjjjill j ^ J£ja1| (E) J^jlill itiSI a j£a,)_a 

9 j^ij Ailia^ll JAin'ti Cilia j (jjjj (Deck) (jjjUall Jja. ^LL^aJI iiLjaLli ^jjitaJI 
Oj%J L)^**WI ^laJI yjJj J^lalb £jjJI 4jlafr *lja) AAjjJaJI ai^J .Jjiajil 

• (Tecan UK Ltd o- 4 SijaLa Sj^uall) Ldi JalaJL UliiLajjjl gjUJI J-aa 
Ajc. jVI uLaatAuit <JLa. ^ 4 Ha all oJA (Jxa al lalluil (j£^uill jjc. 
(Jjl jail j 4i jia-all CllljljaJI ^-o (Jxlajlt Ajjl£<al (jl .Ajaolilll o j^i.VI j 

dll ■ alall jSjj I (;"'■" ^1 jj*J ^jIVI o^^-^^' ~l lalluil j ojjjj^-all 

2u£U\ ^jjUUI (Platforms) 
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.l}.lajj LiMaJI ^jc- <J 4 a.laluLall iAjj!i^\ 4 i alall jlaj jjl L-±aJ 

t(_g jj5Ll&1I ,yAa.all jUstll gjUi -I laliuJ Jc. (jJJi«u*-all Jiiall L_SjJall 
i_sjjj2j o^£a.VI £*iajl AaLous j3jj (Deck) (JjjUa lAjlliill AjjoUJ_)1I CjLjj£-all 
Ll^j^aj^ CllL^Lall i—sljiaV £jlj-o <Jc- <_S J-iaJ XyZ (j-o Jl ^'j^ 'LH 5 " 

(iUJ <-jl!i (Jl ^Ijj tJjLuiB ^ , alt (jaUJI J^.V (^Ijj 96-4 

<JiM J*Lull ALlall aj$a.Vl c> (J-iaS S^c tjjjjUall Jja ^jU>^i\1 iiL jajj 
jff SaJ .(J££ AjLaxll AjsI^oj Jc n jUj, „U jjjjxoj^j M ° ;^ ■ g CjUjIs tCllljl_^&) 

4.12 Jiill 

^Uft! <JU11 jjjkUl 4.12 

(jLjjoi (jo i >ij oljjl A a ■ <a j a Aja.lli'yi (J-G- J..'J^*"'^ 4ja.j_&Aill AjLaxll (jj 

a^Lc 4 l£Lkll ^j^j t t£lkll aL> :(1.12) J£^L? Aa^^l ^jVI JaJ j*H 

^\!La ^ h'lii'iii JJjIaall 4_iLaC- t-t I . >i Jj\ .£xmjj1I 4_iLaO j J*"^ (— i J Jail Aj-Isj 

^jjall J ■ «a all £jjj^aJ .IaIxj . jjjlalll AjLaC. (j 4 - o_)£3 (5.12) <_J£xill ^-J 

Jja-lll a ^' t (Aj.ui.jJj CjLajjjV j_m"i\l (_g jIi.ilo) AjjIjj IjJ^ljC. s^C- Jc 

(jj*J aalj (jl i_ja_i Jy£ JJ (Ji-«) 4jjjj ^JJ^J '(<J_WJ^' 

.Ll>UJI \s. jja jj_jlaj AjLaC Jvla. <_J-ol oaA 

Cell-Line screening L£laJI La. 1.4.12 

jj jla <e JJ UiU ia^ (jjoiaJ (j oJa uS jA LL^LaJ! JajJai. aLjC. j^P 1 ' ° ^ ll 

^IjJ^U 4 ->l"i<ill U^LaJI UjL.^ jjj .Lloj^jI j| LljJa. JaJij (jJJt-o L_lSj^ 
(Ill-h0USe j/'- 1 - all <J s^ja. >»ll Lj^aJI ^ Aj] j7| ALjill AjLc. 

(Culture (Jjlc j jll ^aajl ajjUjII jSI j^ll j> J tcell libraries) 

(Jill c*13j Jla iAi«-a CjU jla-a Jel j3 al^aajuol (j£-aJ it*llj AiLjaj .Collection) 

Jc aj^all IgJ UiLa. iajiaa. aJa uiil '^J.'JJ^J all AjjJaj'VI CjIjLuiaII ^ J^Uuii 
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jA lillj jjc. JjjjIIj 4 '"- o ' - ll jf^j a ' ajlb' jl ' 'j- a ^Jj^ J"J^ <— J^-^J j 1 ^^ 
. UjjljcJ j Ajxjjlall (jx ^oLaj JaJ (JDla. (j^ UK a-li-la. l-£Aa. JajJaa. (j aJa uS Ajjl^aj 

"o^juj .(Bioprospecting) jjaJI i . nVnll ^H-i.^^i LIU. ALjJaJl ei* jLiij 

ALjxJI AjLaC J LjaJ jj] (jLaJ jit LiUJI la jiaa. JjC jli J itiiofl (jC jlaill 
CjLnajll Ja.1 AJjUJI jIj&VI siA <jl .i_aVT ajc Jl CiljJic. jjj ^ jljjj AjIjYI 
(JjiSJ <1 __>a.! (J-alc lilliA j . jj_alajll AjlaC (j^ 1 4la.^all J AjjoijjjII 

J5j3.1I! jjjsjII (jl J^a f^J^ 15^*^ * ^ ■ ' " ' " UJ^"' Sl^l ' " j"' j J*J 4ja&VI 

^LaAaajLiba ^ iLlaj 

• A aiifiu aJ 1 

La LIU JU1I c LuVI AijjL JMi, jjjSII ^1 liA ^-a cLU^ll Ja.V 

la jiaa 4jcl j <_Lsl£lL 4 ii£ a alt jj5Lia1I ^ aa a II jLlxll ^cjIL <a AAljla - jaUuij 
^aJJ La£ (J3I ^Ljlliill (jj^j) 4_ajLll tllLajlx-ajl (_gj±uin (_paliajl (jj 1 » aJjjj j Ll^LaJI 
0jJj£ Aj-aAl lj (jj^J V (-^r?- (J^ * Aijja-a JJC- 4j,i.n,jjfe 4jjj ,j L^jlc (Jjj^aaJI 

. jj_aiajll AjLaC (j-a <la.j-all oi& J 



<JaLSj gill Jjt i-aj- Yx/c J Yp/x i>»->i JLi^i» ,>«»J - 

j .1V1 J ." |^ I.M^ I UjU^ J.u« ^iipi JjLa* jLfr Jl. ill' yju ■* i J|/ t j t " i - ^|J*' t 



«.!•). illill J< 'A-V- i . 

(recombination) 



CD 



db 



iJjjlaJI JjJaJj L£*aJI La, fUlW AuaUjyi UlLc Lia*J Sjlaj :5.12 Jl^JI 
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d\ j ajjj^JI CiljL^xa qa 'kc jm^m (Polyketides) <J jjII 

a^A (j-a ^ jjx-all AlLaV (Jj^aal AjjjfLjajl aa a SI *.Lla.VI -l»-<a <-a^-a 4-illxi 
a^A IjjlaJ oj3j!La]l AjjJaJI ■ " )l ^ ■ <a a a Saa a . (jiuijLa j jj jjV _jA A£. j aa all 

(Streptomyces sp) QjiiuA^jnj^ pljil 4iaJ jj <ajia ^ Ac 

.Jill Cjl j AjkiaJI AjjjjIiJI ia jLa.j 

ia jjaa (j-a <ftjxa a ^gic- (Jjj^aail ail ( jj_aiajll (j-a Ala^all (Jila. .AjjjII 

A»ia Ajllai Cllli i^jlllS (^Jjll (j-a ' " 'I ^ ' a " cs^' "SO^ ^LaJI 

<_S^)*-a ^^c. jj Jajj j ^ ia _&laaJI a ^A (j -0 ^ J — AjJjjfLlo 

tajjaj^a <jc. jl aIjLuj ^jl_>» (J j (Agar) jl&Vl l^-A 3 ' cs^ - 4 'UjU- 0 ^ 

LljJa. l.sLjaxs £clli ^gjll L£>laJI ia jiaa. .IpaJ (j£-aJ .(I) 5.12 (JSjuuIIj ^jJaj-a 

kriby — Bauer ,_>aai Jla jla.Vl ^ jLiijVI - 1 laouL ajIIc 4jll*i li 

. (_£jjail it ■ <aall J _ja._j] Aajiii ■ (_J^a-a (jjl^l j-ajll £ia (JjAai 1 - Ua 



Cell-line enhancement L£LaJI Li. j^&j 2.4.12 

'a-lcl jll Ij^AaJI iajlaa. (j-a J.ie jliiaJ all i4_lljVI <LjjtJI Ala^a AxJ 

(jS-aJ .L£/LaJI iaa. (jjjaiaj JJ_jla!i]l AjLaC. (j- 0 AjJtilt 4ia.^aJI 1 g *i laliuiV 

tj.ll) aill J ^jJa j-a La£) 4 alia a 4-iiija. ^JjJa. dlljjSj -I laluil <la^a]l e^A 

^jJa_4-a _&A La£j iAj^ill LlvlaJI ia _aiaa. f.ljl (jjjuiaal [qh "1 a Slj ^jl^l 

sjl&jj (Cloning) 5jjlSll Jla dUiai (j^aj .(2 <la.j«Jl) 5.12 

tAa.j-<Jl jjki5l j tAa. cs j<^a > a]l jjakill j (Recombination) LUjjVI 

Ll!>LaJI ia jlaa Qc e_)2 j!Lall AjjIj_j1I CjLajlat-all I jj i <ajVI jl-uia]| AjoiJUAj 

(_paJ^tij ^1 jjuutll jjaiaill al laluil (jjjuiall] Ail^ill Aij^LlI (jli t<Iila "b^C-I _all 

Ajjaill jLna.1 A«!i*J AjjUxjail (J-al_a*JI jl t<Ja milJI ^jji AjujSVI ^gJI Ll^LaJI 
<lLa*luil (j^-aJ al^A ^jjjl 4<Jl!La]l J^f^ ^5^° ■^-"'Jj^*ll <jlail ^gic. 4-a£La JJ^VI 
<la.j-a JSla. a 1 aJ (_5_)J Ll^-^ L^ V Jl J_>*^ is s '^- L -^ (S 

.lia. (jjojjiaj L_a Jj*-a ' 3J 1 «a a a j <a.l uiHuil aJJ 
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jjlaall A U J jj fjjjvU Ai-alaJI 4_ill*i]| j„' liilj J*J (j£-aJ Co// (J^ 

Sjlc 4A1 Jail o^J LjaAliJ (j^-oJ Jill 4a mHuball LjvLaJI Ja Jaa. J-iC j^L .4_a. j-all 
l_±aj jll eJjJaJt LplaJI Ja JaaJ OJJJ^II jljfrVI ■ .'.'-".'J tiilJil .t_iVVl tliljjiu 
I ■ aj) li& - '>■*"■" La LJlc. ^ jj^j all t -A3>aut jLsaJI ^jlL-a jli 1 1 g aJJSJ 



2 4Ja.j*ll I^j^a. 4jjja. jLjm ^Lul 2.12 jtlaVl 
aL^jxJI 4la.j^ JSla. Jll J a lla AjIjIs ' " ' Jill L^-^JI -= j**"*- £->-iaaj 

^LjJaya jA Lo£j C4jjJaJI jLuixa ^lHjJ 0-iLlj I'lljWllI (j^ 4£. « 

J] W 

tSllij iLajlj AjjjjjJa jjjjyaajll <la.jxi jl .(2 5Ja.jAll) 5.12 J*^ niSLl 

J| A inii jja SI J ■ ia.aU (jjaia La till jj oJllc jajII 4jjlaJ (jjS 4j^)JI Li^laJt Ja Jaa. 
JjjS AjuiVI al iaJluil J jjfljadll (J" i^JaAuiJ tllLuSj a lalnU La hllc. Ajjja II <]j£ll 

g-l jiVl j Streptomyces II <>» ^jjjaJI dli .^^11 ^Lul junVil iAja^iiJI 

tllLlLaC B^jjaxa tllLujjJ al ^ IjjjI lilliS (jLaJI j> (jl Lalc. .AAiUil tlllj (_Sja.YI 

ilia laJLail . (_J jJaJI ^li-^ajll tllljLmia ,j ' lllsj m| j AauiA^ tllLaJ^jl ^jj ■ aajj aja 
<jjJajVI 4 ■ " 11 'j SI ' "' " laJLuil j tllLaJ J^l Ajb *y aa ^jjjoiaj ,J 4a. j-«JI _j j JaJjl A : iiij 
^jgLaSI Jl V _4J-aj 4j.lij]| J J ' a * t>° (JJO^ tj}^ u^'"^ t— ijjall -ila_ilj Jj^aJll 
jjjxj JUlljj CajjYI 4ji<-i j' aa JJJ»'^ 1 ai& al '■■■"■■I (j^-aJ 'tSli Jc- a j!ilc 

Wa jliall tllLill jjlajj oAi^a. Ajjja. tllDuJaa Jt Jj' m " LSji 2 ^ ^ i «a aSI (J£joi 



^UIa ' " ail LiiLaJI la_aJaa J^c (jli t <LaxluLaSI Ajjailll ^ ^ij " 

Ja _aJaaJI s^A (JS (j a j <cl _jj *^^>?'] (J- 1 -' 3 ^! L>*3 JljlLlj t(_J^)i.l s^yi 

■Jill jxumi nail (Jijj .<j3I tllL-^ala -I ^aJlml jj ^jj£xall ^aa^aJI jLutll jjLL^a -I laJlml j 
Jc ,_5jja>j Jill Aa>jii^]| J AjJjS AjC-jI LJI jLc-l JjLJal Jc Aj^UII sJjLall 

(J-axiuiJ .^Lil AjLlm Jj ^ — a sAa! 30 — 25°C '^■J-^ (jj-^aao ^a!i jjll Jau: jll 

LjilaJI AiiS-al sjjA-a (jjjSill Aj^Sj 'jJ- 0 ^ ttlll^axluball JaSjL ^jlll t JVI jUjaJI 
^j-aa. (jjSli .^j_)U » all ^j_jajxll ^^-aa^JI jUxaII AauL a J jla-VI Jjfia Jc 
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Jcl loau jll t<ima all L£/laJI JajJaa. AjLaC .4jj£^a ^jjll (J^l^}-' 1 

Jla 4 (In-situ analysis) £^ j^l J Jjkjll ^.ikluAj U JuA\ <j* jjSjj 
(Near-infrared ^Ij^JI SjuiVI i J j» all i_iLJaJI J iklml 

(j-aai ^.ikiuL J t«3Ull (j^^J ^ t — y^H Aljjlaj J«u ^ill spectroscopy) 
frlaijl ^ .(Integrated chromatography) <_W£" J^ j^- 1 ^ ^ ■^-o^"- 0 

.(jjjoiaal! j^s (_£ji.l CjIjj^] IfrC-L aa V L^-aJI iajlia. (JjJaSl 

Process optimization 5jL»xU <-ijj£JI 3.4.12 

La Sjlftj 'LaLljl L^LaJI Jajlxa. Jj^aSl (j-a -l.Ia-a Ait (J^J^ 

J'ull i_s j jJaJI Aj^aJ <Jkj tAiM 4la.j-aJI l.lu c Jajlai. 10 5 jJJ jjSj 

Aj^aLaJI i_sl.l&VI (j! •-^ a J^-'' M (j- 0 j"''"^ lRJ^ J J"'^ 

.l}.laj (t_l) 'es^O-^' -i^J^ (J^- 0 ^' ■ . IjS JJ^ao (I) :J-ajuiJ jjjlajll j^s 4la.j^a]l 
oJAawo Aijja (Jill .laJLul Cr\ ^jlilall jjj£jj j-aill AjLmJ Aj^^aJI jjjLlaII 
4_a.jJj iAcjjdl ^ '..'f JJ M u Sj alt <_ijjla]| ^Uajj (J!La 4£jjj-a]l ^liijVI 

dll uiuSIl jl .Aj^aLaJI CjLajijl jluol j 4l_Jjlill j-la i a^fl ^ jli.ua j t'ajl^aJI 

jj 4jLo*J Ajil£ CllLajLt-a JJ2jJ (J^^ 4la.j-a]l si* J 4_LuiLu>l jj^J <aj3.}]l 
ClivlclLa J jaojuil ; JjSIjILi LjjLaall oAA cSJ^J tAj blSlll (JjiaSI "ULa. (-3 .4-aja.b 
Lai . IjjI 20 J 1 jJJ ^jljJJ ^»L^a.ljj A±a. (J^-*-^ 43 jj*-aj J^sL^llj a 7- a ^Jjjia. 
J-a*J a j» ■ a a 43 jia-a Ajj^a. Cj^lclLa -I laajjil (J ■ <a3.l3 t^tij'VI Ajllt jjjiall J 

• l5 jIjjJIj 

jjjj^ll J il ■ ta a (j^i JjAll ^A*JI (jli tj-aj]l tljl-i.nl ^1 <Amj]Ll Lai 
i_Jj^J (jl (j^-aJ ^glll JySI j!ill ^juIjJI ^iaJlj ilAjLua.1 (j^-aJ j^lll (jJa. JJ^I J 
Jalj .IjjllS i(_5^a.l oj-a A jjllaajl i_ ijLaall J^C. (jl ^g-JJtJ ' I afrla (_J^ 

>'<*.. .* t^t<a|^j tlljjia tJULall lWj-u ii_Jjlaa]l -j aj^al] JjLujj jJjiaJ 

(j* liUij (Lojljibj i—laj < _ S HS) i_ljLaJill JJc. JjiiflJ Jj L_a^j tAjjl 1 aa.1 (Jjia 
Cll^iLaLtAllj .AjjC Cj3 j]I J (J-al j*JI j-a J^C. JjLu (JjiLS ajai JSLa. 
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(jjj Jclaill ^gic JliLa .Sj-a J£ ^ iaaa .i^lj (J^lt ^gJc. IajLojcI 
.(6.12) Streptomyces clavuligerus 




jjL^s jjSIjj! ^^JiaJI i-ijjlall JjI&j 4jU& ujjLajll w aJ - 1 flj at £lut :6.12 JSASI 

■Streptomyces clavuligerus <Uad jj Ajjja. jL^» ^tul ^jjiillj 

^jjj^jjjj j-L^aa iPES) L>*ail Jjfl o f " l ^' l "" 1 J (cAfcJ* 
:<> >u JiuJI aiiluil) .<|JJ»JI JIu1a13 JiaVI ^HSU 

E.S. Gouveia, A. Baptista - Beto, A. C. Badino, Jr., and C. O. Hokka, 
"Optimisation of Medium Composition for Clavulanic Acid Production by 
Streptomyces Clavuligerus." Biotechnology Letters, vol. 23 (2001), pp. 157- 
161. 



501 



Scale - up 



t*-jSfl 4.4.12 



^jj AjLc Jjj^J J«J Ajjj^iA Aijjla (Scale-lip) £jujj1I 

ojljj ojlc jlill AjLoC. J-axiu .^Lajj Lg-i-a a f^-?-^ £j.-J-3 ^-^'" r " ^3-^^' 
^1 (jlil 1 000 — 1 ) (^^Ij^)]! a^all jl J.'*^ alt (_ff jIulo (j-a 4£.jJ>a1I a 

.4 ji^rtll jtloVI dllla SJic l^Aa^a J-^aJ .iii t4.Ut.lii aolt ClAjjli.ii.all 

4iKll (JJ^-? V''^ 1 -" ^ AiljiaJI oaA JLa jj 

4-illxll (jjiall (jl £-a t^Jj^J <_JSLj 4jaJJj-a]l JLaxll L_SjH£jj j j\ll Jajoi jll 4j1L*1I 

. jjjliill AjLaC ^ ^-jjiLluI £_)a. / «A oaA ^IjjVI 



3 lAiJa. jL2x» ^tij] :3.12 jUaVI 

{ja sAj^^ 4jjj^ djl jL^a jrlljj (jijil .(3 <k jJI) 5-12 J£^Ij 
*<X- 11 AJjill ^LuVI J jaJI Jj*_al <j^aUJI (_Lal jatll JJJaJ L- laj .lAjjS (J jj 
oj^ilc. ,<lilui»o (Jji> uS i_jjjjaj j^ill l-il i n jl (j^i (_£-la al lallujl < lilljj 4j1jVI S-lLallj 
IjK (jV Cj3_j1I £_a ^ jliall (jjj£jj j«ajll (_g.la ^jit (J j' aaJI (j^-aj ciilli (_jlc 
Ail] jj (J. iaSI «LaHjl ,J» o _o^.j-all t_aljAVI .dlSjll (jjiiij (jljAaJ La I jjlj (jiiilaxll 
(j_4lj£ll o22x a j^L-a-o .<Jjijll <Ljla (JjJaalj (j^?- JJ-"H J U-J^J^ ^) ^ ' ""^ 
LjjV ojlji-a ^jjljjll ^jit Ujj all jja laj Sjill ^jiixi (JjLui (Jj,a Ud^-JJ^Hj 

i illjl£ ^ajj .Lille- (j_J^J ^ Jjittll (jl VI tfr ( _ s JaJ Ljj3 j-oill (jl qa ^^jll ^j^J a ' J 
«Ljj| (jj^jjjjll j (j_jjj^lLi Aj^ijll ^xlaj JyAaj AjLaxll jjjlaj (j-o Al^^all oli 

.(_£ jJ^ll ^ i «a all ^Lljl J_jiaJ 
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Summary 



A^SUJI 5.12 



4.}|_j^j JLaC. (J£xu ^^ic. ( 4 ij a!i]l j ■ g a ^ j^ui-all - laAuiJ i(4 <L^.^>a]I 

(j>a JAj£ .lie. f-lj^J ' ; l3 kjj AjCliuaJI JJjlaJ (jl ^ialjll ^ 

(j^> (JlilJ-u i_sjlaJi]l ojlA cl^^V 4-1 _jlSa-a]l Cls3 _j]l Jl jli.1 ^^Ic. Ja*j AAJ^la 
4_i]le ClLjjaill J Ikluit (jl .AjLo*]] 4_lsjj]I AjLlall (j* -^JJJ *SuW^' jiaLa-all 

djS jJI Jl ^ jjJI aAac jjjJaa5 3 j 2 j 1 j-all (J 5ja.tijyi 
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Introduction <UjaaJI 1.13 

(j^alj&V AjjJiJI dlULaJt Jvliluil (jjjljia c^-^j cs^ 'SLJi^ Ajlaall 
AjjJ^JI 4.C-1 1 > ,-i J_jiaJ ^gJj J' aill lAA ^ Jj^Jadikji . I&JJE. (_£.J^J '""» 

jj^laj]|j ^cjJaill 4jLo*j ^JJJ- 0 AjjoiU]! 'SiJ^-^ AjlaSlI a£jjoi — l&j_a$Ja AjIaj .li^s 
(J-al Laj — ^^allxJI (_£ jIuiaII ^gjc. ■ 111 ajj aJ ^ALuij 4 1 J a dll£jjoi 

(j^i (jl^-o ^ jjjiaJI j (JaxII 4jjlaJi]l dll jLujaaH (JjooSj A^aftLnball 

.uKIl li& 

CS^ ^ LW J>j«JI (j Jill (j-o lllLuj*.luiII JSC d i-.l \ , 0 ift dl^-ia 

- > t 

cLLli I ' luS |jj cAlaC. ^llaj Laj tA^liaJ LaJ LjiLui^j liljUaej jA J' aall 

.^Lajj IajjJjj Ajjj^. AjIsj a£jju> 
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?AjjjaJ! uiUl ^ U 2.13 

What is biotechnology used for? 

Lia.j] A a laHui all CjI£jjuj]I Ajl^j1a<i bt-a ^.I^Ljj v_AJI IjlA 5-a.iLaS 

.^ji-^l (jjliaJj tlg-kiaa-J l-AlkJ iAjjjaJI 

The applications: medicine ulail :cjl\nkilt 1.2.13 

AjIcjII (J _ja. ^JjjaJI 4jlsj]| d lljl ajluiVl j-a ^-a "S^ JP 

£-ljja.VI CjUI^J jl c_aj^>*-a]| (j^ .SApa. *SU-^ ' jaj CjIHIjj fUa i all 

4 m <i ojjalj jIajjoLj .li-la. (jlii eljJ £JJ jLajJaJ 4_u_ajla AjLaa. J^jJ 

£JJj <&ljj^a ^j-q L>°^ L>"^ CS^ LW_^*^ £-i<aJ ^^^ill i^ljSa.VI lillj osl^J lAJ-laJ 
a 3 la all 4jLaaJI 

^JIjIUj t^lc ^j!ila JS^i ^gJc. ^j*'- ad jl£-aVI-J aJ 4^ljSa.VI osl^J ^ 

dlljpS ^^iij V Ijl^Aj .4 j\. ,-iVI 4 aJlj all 4£jjill £"4^1 J Clll ajfa Acjjoijj 
iLalt 20 t^ic Jjjj V jlflJ SjjS jjJ-aSli lAjljj V La ^IjAa-VI CjlpljJ jUj 

jjiluit Ijj I^-JJ .Ajxu 17 S lalLall ClLVjll ^ Lj-J 11 la all (j-ajll (jl Laic 

£ya ^jliiall ^jL^a ^ aaJ L-Sjjoi ^ljSa.V! Of-ljJ jj^ lAiui 15 c-lj-lll jJ_jiaJ 
(jl^aVI ^Jia-all ^^Je (jl ^jiau li&j .JaSS 4jaLaj 

Jjjj jl£ lij (tilli <j« JSl Jj^aaVI j) till jLui (jj^aa. J£ JjAa. el jj ^ljji.1 el >iU 
^ljja.1 jl ' al uioSI jli I^-JJ '4_i]le. 4aajjj ^UlLlj tAjllt 4Laj3 dllj Ajjjl 
4-uV lb all CjI£jjoJI (j<a .ll-lxl] AjjLaall 4_}a_ljl jJja^U 4-a^-a <lLui-a «-lj-l?- Ajjil 

(jc AjjSlall (Super-companies) SjUaJI CjI^j^I jl AliaaJLij .iji£l\ 
Glaxo Smith Klein a£j^ Jia tLiaxj L j jJ a « j ^» CjISj^. s^c ^aj lidj^ 3 
tJiaLaj J£ sjj^a. lie r jiaj jl L_Laj Astrazeneca j 

^jjJal j-a ^Jaa a j j-ii j .ig^a^-uil ^glaLa sjlxjoi ^_J^-J ' ^ 1 Sll UjJtS J-a tiis 
' al I g ajfLu J ja. j (Ajj^aJI i r-.\ j , i "il jVa-< Jja. I ■ )lj£ll Ilia 

jj£l jj .?.lj^ll ' al ^gJc (J^jlSI iSJ^i 1 (j^aaJlm li^-lj .AjjjVI 
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(_> tillU^i .(1.13) J^jilLi jJ\ AhjLl\ t*l]j ^1 Iclijl <Jjlall 

<> j (Molecular target) ^ _>J t-i^il .fr lg_jl£-olj i_sL£&yi cjUi 
ciiliij jjJt j t(Genomics) ^_^ii=>JI ^le oVl^a ^ ciiLuaj 

(X-ray a^JI 4j«JsVl ^I^U-s csj>^ jo^' j '(Proteomics) 
j] .(Computational design) ^1^1 ^^31 j crystallography) 
.la 

jl Jllj dlljijlj £-a (_J^.ljjJ JJ» i r-i ^^Jjja. i_l£^a ^l^jj jl -^J^ ' uSSVt 

13 (J^ j"° Ia&Jj j) ' "'J^ 'L^^C- jj^J AjLaaJI oi& ^ ^ij all i_J 

<l^j-a ^Jj Jj^j L_ajjai AjjjjxuII i_ljlaa3l <Jj2 La 4li.j-a IjL^aj I a,**< ^ 

<jj J.J (Tuflts) (JjjjsIj j£>a] <Lul J-i .4_ilU]l L_s! jjluiVI C^^ua J o^ia-all 

jjjla 231 jl"LJ 1987 fl& t-\ J^l JJJ^ ^iK J.l»-a jl£ iA^jS^\ JJ_jiaJ J 

802 t-allSUt CiiL 2001 pie ^ 5^1 jJ ^ »l jaJ s^j .^jJ jVjj 

o-lLjll oAA (jli jLiic.y j^*J (^l^l ' '""'^ -^1 CS^J i LS~^~y^ J^J" 1 UJ^-° 
J jiaJLl IlsuJo Ajj^VI ClliLiu£l g-al jj j^ill I L31£j3I j) .5JjU cJI jV 

4eli^»ll j! y-uu (Risk return profile) jLLlJI jSIc jlj '(1.13) 

.(J^utj V pUjoiI ^ijj ^^ll ' JO^-^lj ' * .'^ (j^- VI j-al ^/'V lii all 

^JLl-a ^3^1 a^aUjoLa CjI£jjoJI o^A jj^J (jl (JjiAAa]I j-a (JJtili liili] 
I^^lc. (JajU i"<lj*<a" jl 4 jolr. CllLa _al»-aJ ^AJjjjj 1 g IS aj ^gjll AjjJiJI 4jliill 

.(<ij^>ia]| ^ CLljjj-all ^)Iaa SI j-a (Jlaj l^-Jj) (_paj-ajlj 4i^)»-a]l jjjotaj • 
.AjjjjjJI (J^.1 j^ll ^gi jl jj_alaj]l jl I al .'"XSfl J AjLutll j^i sjljj • 

jj^laj]| ^JJ i.ii\.i.iiVI (_5_4iaJI (ejiajl ■ - la jll (j« Jj^JJ _j.oili.HiO iaLoij 4jj 

IjlA ' L-alla ^^aj AjjJiJI 4jlalllj f.1 jail ' al ujjSI 4£.U*^a jjj if. I j^B (_5jLia]l 
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£Lala-al] AjillLj dllj!j!Lol (JjjLujVIj (_jA Cjl£jjji]l '-— » J (jli I^-JJ .iaLij]! 

j| (Jill jlg-a jSjJj Jaxujll ^ £SJ (_$^*\ Clll^jjoi lillli&j a J-l» i alt Ajj.}}?! ClllSjjul 
4ja.La.ljV I ji '(Genomics) » jjj? SI Jc Jla 4_^ali. 4jiaj CjLaoi. 

(Molecular ^j^' ^.Vill cjUllj J '(Combinatorial Chemistry) 
J jll jxiuLall JLjaill lDU. tilli J] 4iLjal .design technology) 

oo& Cj jja. L_lijjJ J^J*J ts* tlll£^*2ill (J^aa J (_Luu '4iKll jl jji.lj ^)j£l Cjlalaj 
(S S-aISlIII jj_jlaj]l t _ 5 ^.ljj '-— » J jlaj) ' JliLall (Jjf" cs^" L^^jJ <— ^ _jlaiJI 

.(1.13 JSJffl) lJL££VI AjLac j> *>£ (2.13 l&SM) 



E 



ImmmmI 



[Combinational) 



_1 



*1 

*s 

it 

il 




3 / 



! 

I 



<> AjLulSI .fljJS i_iluuS! 4jLmlI ^LsJI Jjj>»1I .fljJll tiLuaSl Juma :1.13 J*"^ 

i^a j\ uUi< ^j^j uL jLuu£JI ^j"* A LI ii * 4&J aa * jj ' OrPJ Jt^ ' ** 1 **** 

UjL£j^ .Aj^jIiJI i_AjUajil (j^jail - 1 jj£| ^Ij (_>aaJ dUA SjLfr 

tAaJjt Lua^l l^ajl^aa jIjj^I tjjijAll 4 i ill i ii^ ^jj;"'^ - ljUIjj^ .1 <4*, ,.1^. jjja j 'ULij 
.j-ujjaII f I j^II ^UuV <uJa2| ^Lujill <Uauiljj Ujj^sj ajjjJa tilUft Cul£ 
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AjjjaJl AJM OlS JJC. :Ajj#aJt jll» ^12 J :1.13 Jj^l 

JJ*j 4J jlla (R&D) jJjkill j Ljllii j l^jfl jj^bdl J J Jill ' alia a 

Jj.ll! sift 



ylSK £-L»ll 

■».■> .n 

AJUoll Jlx- 
4jjj»JI 

(jJJri (1*4*) 


jj ft 1^")' "ftll 


(IllS u Uf- 

4j i ia 11 

(1998) 


£)l£uill JJC 
(QjjIaIIj) 

J *J* 1 ""^ 




8268 


140.000 


127.4 


260.5 




r 

1910 -< 

v. 


r 

39.000 J 


245 


57.6 




165 


80.9 




141 


57.6 




85 


8.7 




400 


175.3 


J J-JI J 



(j^aj^Jnl CjI ji£ (Medical diagnostics) aj.^j-W^I i jJI ^Vn.i 

-j; 3 a ^3 1.1a. Aslia-a 4 jfLj J "'J 3 jlj-all s^Jj . (_><aJ J-ail Aiija all <_Sj^)]all j (_paj^JI 
t.l)Jak c.1 jJ^jjaJ j ' al uSSt j^g-aJjl^VI Oaljll 4 ;j- ■ all (j^S .IgijjjjJj lAjJ^jiaJ 

^gjJaj-aJI (jjj (jjjidil eAUa. 2j. ajj (Market) AavLc (—aLiuSI AjLaC jl £-a 
. jjjS JLa (jjlj ^llaj V ClVlaJI (j* .IjAxjl ^ j (A] aJ jg_u, Jial _A »la-.-aVlj 
Ai jJj^s 1 fl^*?- (cA (j o-la uall jl a jlaj j ("jJjjoii a 1 la all Ajxujj^>1I (Jxl _jxll jl 
lgjlja.1 Aajla^il ^gi JjaII AllaJlj 4£jjIj (Ja.uil lj «l laJlml jaAJ 1 " Ua 1 A laAjoUj 

Ail » >iVLj .sjp j.).)'' q "' -1 la^Luil AaAaJI q'i Yi ' lua 1 <jS-uLa jjjl I " '1 *'j^l a 4 Lu Jl j< 

ilajl ^-a (Jxaluii .13 Aj^aja-uiil! jl jaII -1 „l AjjjjUII ^cjllill (jl "^11 j 

A_iAiIajjll ClUaluill (JjS (j^s Jllj^ll s^A Jc (j^U^aJ (jl L_ta.jjj Ail Vj (A a CjIjIjS 

Jc. j taj i dl£jjiill qa iLJa b^c jli tiillil •*^ c - jj ^l- 2 uj^j lj'j 

c^-jjjjllj (jjjjjiill (JlAjJjltS Cjl£jjill si* lilLaJj i^Aj aJa uSlI jl _j^ill Acl 1 1 
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AjfLjLajjYI o £-a 1 g "I i-t." . i.Nf 4^ttAi-aja aja ujoll jl j^JI si* (jj^J La a-Ac J 

Lai . dlL^g jaiit (j^ £jjIj (_5^-a «.U t _gic Sj-Slallj tig mSJ Clll£jjuall I g ^ j^lll 
1 g al ,*"<! J^Li. jj^a (jjjjl IaA j-i ^.12 ^Ja .lau jjl £jJaluij Ljjli a jj» i oil CA£jjill 

.A^Jluij 4_k^a*^aaJLa '""J',' - * J 

I^A j» j'J^ SI CjLajl*-a ^Idiluil (JJ^la (jc 4 ° ujfi£ all Ajj-^I (jj 

Ajj aJa N (j^aj^all ^^Ic I^LaJcl ' aAgJLuol 4jj^VI (j-a Alj-aJ^ til' J LaJxu V t^>-aVI 

— L_aj| jj L^-llc (JjllaJ «J^s) Lua ^Lij j Ajj^VI o^J 1 , ^- < , ^i. Cljjia j^ill 

tlj^ll - ..nil sjLaJI 3 SjS nil ikh .(RXDX tandem - RxDx 

AjLua. A jl aojmit ia<aj jliiaJj i(_paJj-a]l a _aija. ""J 1 03 jLpE-VL) AjljjfojLibajt 
4(_paj^i]| (j-a AjISjII 4_ia»Ll £y> Lai 4-aJL» all Ail^la jLaJC-l ^gjj l.li$-aJ (j;l*-a (_paj-al 
l4 Ux a (j^al^aLl 4_jL^aVI (e^ *-^U cs^i J^"^ ^J"* - "'"'^ ^l_4-a]l (jli 

(_Jj3 CjljioJ AjjjVLl 4aJL» all j oLlaJI Ja-aj J;lijJ ^ajmiJ La-a 4^\iLa I ■ lAall (_palj-al£ 
;_Jj*J aAa uidll jIjaII ^l-liiul (jj .Lj-ic- ' (j^-aJ (j^alj&l (_jl Jj^-Ia 

jl Lpa^W "M^VI jijw fcMj LlAj^aa ■ * Ijlj i!>lla :<J3^U.I ^1 jj tllLS 

jjjLaU (^g^C a Lj (_J^-3 t(_pajAll jjj-aa. (Jj3 (jjimj j-ajLo^]l (_pa^a 

.?'oLlaJI ^Ic- (jJ-aLl jl ■ a 
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ul) jLuuJI jjjs AjLulII j .f-ljAll jjjlajj JJ>*j .fljJ^I jjjJaj jLuta :2.13 JiuJI 

^ja>VI Ajftf Ij^ail Cjli^aSlj AjjjaJl sjijJlj t4j*uJlj C(_>iajVI <jjs . (jjtaJI 
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(in vitro) <As LfsUJI ii! jLIW! flJiU J V! ^jjja-JI cjUjjaJI UaJSj 

J^u, Jj.x^tt AjjjjjjJI ujjLijll (j^i AluAu JjJ»j Ai^Lill ijjLSjjiSl J^Jj . JbJj! ^ ^ 

4el jjil j f IjjUl icjlluka 2.2.13 
Applications: food and agriculture 

j>a ^Ua4>l j!i£l S_J.}L^>J2VI AjaUll ^> jjJ'j Jfi»J 
J jJ AjiJ _)j£l 4_Wol Clll j La^jl ^jJal_&ll j i4jujkl\ (Jj^l! ^ t _ g ia. '^^J^ ■ all 
. 4j jJaJI Ajlsdll jji (j-a JjJaJI U.£aJ ^ jJla-all jJ^A j]i <iUi £-a J • ^11*31 

1000 J*- 1 ^ plic j*4J "S^^-o] j 1 -^ (liilj ^ ^gJOLlJjll "J 

_jJ 1000 J JUAaJI £_1J yr^ AjLjlaJI (jaiij 4_ja. jll 

^)t.i,ii31 j Lal^3 I^uoili (_yi, i aa ^ jj^a j-a f.l.li]l jl La£ .a.la.l_all ojjjlall ^^Jj-a! 
iAjlftj . ((_£^)Xjuj .ll.laj) f-i^s^ tS^ V <— S_axu jJ»-a ^)xjjo (_3j3 j • £lJI (3 

jV 6,lpa. Ajjlic. jl ^a jj_alaJ j^gJc. JLail j)<a 'ijJJ^ l3^j J^Jf^ ** ■ J* ' °^ L>° 

jj AiK ij^aj^su (j£aj (i^a. t (Plant breeding) cjtaljjll Jjj^tjj ajjjj _»a 

jl tjlc ^jxjoiJj ijjiJI j-a 1.1a. ^J- 0 ^ i3ij^ Cfi" ""^-^ 

f.Lajj 4_ilc J j- aaJI j^-aJ <_5^ J^J-^ <J^-^ j"° ' J' aalmall ji'ull 

^lajlull j^-aJ tLlJ^La . (JSI L-lLuiC-l Clll^lLa jl aJbttjoll ^l^alull) sAjAaJI Jj^aLa_aJI 
^jlLaj (Transgenic) (jaiaJl ^^tLa jl ,JJaA J j.^fl CllLlj JJ_*iaJ AiK 
(Jj^jia (jft (dllj^jjll (j^i (jjlL/Lall ClUa ^1 Clljjic ' il£j AjLaC.) CllljjiaJl 

iLkiajl 4-aj3 Cjlj ^gjl jJaJI dlUiaj (J*a. ■ I (jjiaiaJI lift (jj 

A ajall jj .l^)a.^a CLl^a. La£ Ig-aL ollml jl AjjaJe dlljl jja. ^tijj (j^^A 3 W 

Lajjj tljjli Oaj lajU jjSj J jj jli 1 1997 »tc (Dolly) Aa....al...iJI 
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laJJ-a LjC-1 U ft lajaia jl j£-aJ A-liSjll ^j>iajj ^ _agi-al ljlA^)J (JlLaJ dljla 

Q^ja ( . iimj jjiu Clui ^axJj 2003 ^-E- JalluS ^ (A jj CliLa . (jjUaill ^luIjj 

ijy j jLL jju j Sheep Pulmonary Adenomatosis (SPA) ^Li 

f lifcVl Jl V^IL I jSf. jl£ I jl (j-a ^C. jli Jc-J t|jjjjja llJ 

J] jiuH AJjS iilL\A (jSj ^1 Ail VJ i(l^jjlaj La jl Aioi 12 AjIxI U' U^s) 

J**- ' all Cjj-all lAA La^-a IjJ^ 1 1 "*' Uj-aL aliuil jl 

l-ia. Aajalj Ac I j jli Aja.tjj'VI CiLja. jjII Cil j AjjjiaJI AjjSill 

^ ^aC ojLl j Jc (jjuljj (.jLjjII ^cjtill AiLja all 4 aj£ll Jc _j^J-j La^jc. 
^»l.lajjuil Aclj_)llj $.1.1x11 J AjjJaJI Ajj&ill A_ja.j_4Aill £E-aljlll (j-aj . (^cjlill 
Ail i rtflW Ajajall jjaj (jl (j^j) ^J^cVI A a SI ■» ■» ^ IjjIjj A all CjLajJpVI 

^a»ll aILLV (Transgenic) (jH^ll Jli&VI j (<ipL> JSI elic jj>kj 

^ jj j-a -Ul ^UM ClLajjiall o^A J jl Clljl£) A la * all jj^aaJI j Sg<laU ^jjjJI 

jj£j jjaajj t-il*ll (Bacterial silage) <jjjj^1I CjlaL-bVlj t(FlavrSavr 
(Frankestein jilSajlja Ajjc! ^g^i Jli AjicVl s^a Ju Jjla. jl 

jlaill CiL^a-j CialiaJj 4A_i£Aa.Ylj A-ii.a1-j.uiII tliLSSlaill j-a JJJall CijJ j food) 
jjj I jjoS L^£il^Lul A-<£L»j IgiLal Aa. jjj Ig-al laJ \ n l A_ijl£J Jja. 
AjjS p jjJaj^ll I^A Jj^- frljVI jj^J LLialj .(J££ (j^ljll jJJj idjLajaaJlj 
jl AjjjViII j±i ala all Cll^aJ La Vir- <jj jjli jjo dll LI uij l^-La joj t4 u m'n j 
Jjialia ' alia a j^S (jjjLill j^i j^lj jjj^ oJ all aJojuiI ' 111 j*^ Saoll frljjl l_JjlaJill 
-C. jib l Aja i <-\ jiala^a L^J (_>uJj allil Ljjljj Axu V)^ al l aJa l <\^\ jl jJa*J j-a 
U ja. Jlaj 3<^'.,„ Jl CjL> jjlall jjx Al^*ll (J alaJI jl j^ll AiK jli itSllj 
(_)^aaJ Alia, 4(Jl!Lall (Jjfui ^^Ic I^nllj jjaJI j (Jaillj I Jjl«jll Ail£ (ja I jy* . 

a jli tSjj^Lva ajIjjjuoII jx e>t-\ ^ jU*.,,,'. ^il| (Pregnancy test) J-aaJI 

. ^/'"^.'M 1 Ll«3ll ^ Aj£l j t ^ i a all ^uiaJI (_Lil j£ j-a^J V aill ' "J^^"' 
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cAjIcj .A Ax t\\\ l _ya^sl\ jljxl (Jajllj (jjaJI AiK (jx 1 iaAmj Ic-^? 1 a JJ"^ I^Aj 

jJ^Jaall J 'ijj.la. (jjSj Ajjljjiuil ■A-<u3 ' °j ■ '— "' (2)1 i ■ la-j AjjjaJI 4.uifcll ^cjI _jj (jli 

CllLull 4_aja.L) ClllajflaJ La$l 4jjJaJI 4_ii£ill (jl^a.1 (jVLa-a <i!U& 

al.la2u)l _&A (J a all . .lia. (JSjjb Aij w >*-aj <-ajl5 Clllcljj^al dllijflaJ La&!il£j 

JLa-all Lai .Ajjliill <J1»1 Jjj aaall (J t^jjfra all ClLul£]l tJSI <^.J^JJ tdlLajjjVI 

^3l| AiijJI cjULu (> Sjjia. ^1 jil jjjkil ' (Horticulture) isLuall j$i 

^jtiuull J aaJJ (jl '"' ' ".'^ (JLa-a 4 u.in jll I "'I aj^U'tl .ia.1 dla^al 

jd£l ^jJXall <Jjoi3 <_LiaJ 4 j£ aJ La£ iAjjjaiaJI CjIauaII ^^-Ie-I Clllj^aluK al.lajjail 
^Lvaa. lj. ~- ^ jAjj (J' jA ' .'J (j) ' "'..'"^ I^-LaaJ ^jl_)<all » "J La-a JJJ^J 

La.Laj CliLuaill o^A CiLul ^33 Jjj-aLa-all CAjLu ^1 4-iualU Lai SaSa 
-I iaxll (2>° £_>?^ ' "'" ^jL^Lull oi& (2)1 (2>° ^.J^ CS^ 4 " '^"J- 4 ^' ^IjjVI 

. lIAjLuII Jj^alj j ^3 2_a 'Vln nil I llLjjSlll 

tSjatfl dLell^l :£tiuktf) 3.2.13 

Applications: other industries 

tAjjjaJI AjjSllI (2>° S-AiiijiVI (_5 ^a^VI dllcl L all (2>° -lj.^-11 (2^°^ 'W^ - ^ 
'"'l<~-l ''■ all a ikluU JllLall Lyf"" cs^*^ .LjjLlLaC- CjLnaill oi& dlia.^1 LaJjj 

CllLaJ^jL J_alaJI j CjLa.jx»iiall (J-aLu (_j^S 4£joiI j (J^xaJ AjjJaJI Ajjaill Ajaajoull 
^Laj jjl Cj jjJI 2_j jj^JI jjjaiill ^3_;^l i " a a Wi i n'i La£ ■ ^jl g ill I ft lax 1 1 nVil 

4 i iaSa ' a ojl^a. CliLa.jAj JjjoiiJI i"iljl<ir. ^ 
4_iiiiX- AjcLu^a - lalluij LaS (AjjLtJI (jjaJ i a all j-a cL-^l ^utlj ^Ic J j. 11 
ciiULaxll -I ikluil (2>° (o^^j' cs^^^j) ' (Jj-^ ^J^-^' dlLuSjlt (3j_jll 

Clllj^uljill a ikluU 2j<j"t,,.M^I dllc-Lu^all Lai .Aj^liL^allj AjjLiajSlI 

(J!La jl j-all o^A (j' L>° t^ 4 " '^JJ^f all CjLuL^II iajjil <fc jl> a^all 

(Polyhydroxybutyrate mixture Jajk L^ia j) Polyhydroxyalkanoates 
J LaSa UlaoU VLojujjoI Ciaaa. -jjic. (j^jLull J - aall jJijl - — Biopol) 

<fcl 1) all 
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- (Xanthan gums) jtjjl jJI ^U^l Jia csj^Vl L»1 

Ajfcl 1i all dll ajjUMI a» j ^ a i-*."..."*, — ^ic. (jjijLuill (_]■ aill 
a aJaSVI j Lu2_)»-a (JiluoJ Ij-lL (jj^J (JLajiiuiVI I^A (jLa (jl VI aaJ all 

^jju ajl ■ aa.j 1 g . ajl ■ (J_&a. JaS3 AjjUall ljjLa_&l»-a Lajlj AjjJaJI 

at ikjjjit ^gJc- 1 gjLpSj aJaa a ^ AjjljxjSil <fcl 1> all jlHul lilli i—AJjaJI 

^JIjIUj tjJsL^all o^A (j-a °"' ■ * a djla.jjLa ^^Sc. jl tAjjaalSI dsljliJIj CjjJ_)ll 
^l_jjl jI_ja3! ai* (JjjaJ ^^Ic (_Li*J 4c1 li all j|jj llAa. 4 ■ ala j 

.oj_jia!Laj o«. _js£ j 4j^a Acll^a dll a jVi^I jj^a 4 alia a 'a-lpc 

l^jjlfrjj L$j 4jUaJI tAjjoaJI 4JI£2H CjIS j*i 3.13 
Biotechnology companies, their care and nurturing 

AjjjaJI 4ilaill a]c (JjjaJil 1 , ^.j , ^ i . I <ij»,l a£jjj ^A AjjJaJI 4jlai]l 4£jju> 
.4_ia1*JI l^J^cla 4£^jjuJIj (_S^)*J La (jj .^jUaII li* £JJJ (_5jLiJ ^J^° <Jj 

(j^> ^SiJ^-^ AilSlII a£^)jui (Jjjaal i_Jjila^ jA La (3a.!>UI CS^ (jisLu <— a 

.^>AJj-a (_£jLaj pj^uui 

General rules ^te Jclja 1.3.13 

"LaLa. j ^g-alxJI ^IdjVI (jJJ -iaJJJ (jl "SjJ^-^ 4-jliill ClllSjJj Ls lc l^JaJ 

(_^l Ajl) alJ Ajaui^II dlULmll I . '"'I a ^1] i(_3jjjJI 

Scientific creativity tr^l 

i La j-aC. AjjJaJI 4ilaill CjI£jjoi ^jj-Q 'oAlAa. 4£jju> ^ talxJI jj^aajj 
liljS aj La-lie — a-lpa. diaJSjSI jl Lulj LjjJo <*ta.**<t — i 'al , : "'i<S/l Ala.^a 

(jjuujjj JjVI "Li.J-^1 (j-s ale- ^tiaj (jjjjLaJI llilS .^Ij frjjji lUc- 

Ijjlj Laic. .liaJI al»JI jj^J (jl (_5jjjj^all (j-a (JjjJj jVI A^.j^]l (j-a <£jjoi 
iLa ^a. iAjjJaJ 4jlli]l AcUuaj (Fashions) "Clllcjj-a" ^g-alxJI CLiaall jli 
(jjia.lJI j!i£l (_Ja Sluil Ajjaill j Cliaall (jxi JLa-aJI I^A (jV iClllejj^all oAA 
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jl *C-J$ <_ S -1 C -J ■ t-lnalittJI ^gJLeJI (Jj_^o!i]l ( _ 5 Ic jJj^^aJI jj£-aJ 4_}3 j iLui^yaJ 

"LaJ^all <_LutJI (jjjl^la at jallm! (jxs A? — es^*-*^ ' " la jjl jLoui jj_jla!j] o.l}a._j]l 

.6.1}a. «.Uac] lg_jl£-ab JljV ajJOa-allj 4-JjaJa]l t-iLjuSVI (Jjljla jli tt*UjS 

iaija tilalJI (jliil JaaS 4-}C jill ^Ifr ■ - la A\ jj 4jl tUiajl iaaJI f. jjJ j 

4jo\r- AjoijLtba 4jl j_ £r lc- (jjiLill aiaa a ojj-aJj oljj La £-a (jil jJJ jjl 4-iaJ Lajlj t4_j 
al.la_iuil £-a (JJflJ j i]c-\i (_J^juij iill)jJa^)2 jiiaJ L_Sjjai liLjlaJ jl ( _ s -i*J ll&j .a-liLa 
jj*J j ^Ja ■ all j_£jla_i]l (jLuull £_jUI £^a_jl ojijiLall Ai^>*-a]lj ^LjlSill 

Jj2 (Peer review) j,"^ t/u j_£; ^° : 4j& jil ^j^UI jliia.71 

Market need J>^l 

.(_3jjoJI (__.ll iLa ■* ____]! 4a.llj jl LuLlS .Lsl£ 0.1a. j alaJI jjaj V 

t-jLai £T^lc. ^1 (jjoLill ^lliaj (JlLa t<Lalc. <U jLa jl ?jjgjjoJI A -\\ -\ is Jb La (jalj 

fgi^i j>j f^UJI *a o^a .aA\Z jjS V (AIDS) j^^U 

pl^V! jl La£j Ig.Vwi jl jAjVI CjVU £^aa. (_gi u Lii.il liiajlLa jl jjAj 

jl i_iaj (Market research) Jjj-JI ciiaj jli lilliS t^lja <> V 

til tAiliLa AjLaC. AjjJaJI 4iliill Jla-a ^ jjjlalillj CLiaJI jj . Ijla-a libji jjaaj 
lljle La*J I - j Lja.lluV UUVi c _ s 1lII o^Lail ij^J^' ^ J L5JJ J >*^' (J - * 3 

.AjjlkJI CjljlaWtfl JS1 

Industrialisation ^jim'H 

cAjjlaj dll^jlt (Jjaa-i jA AjjJaJI Ajlajll (Jla-a ^ ^la-ill t_Li^)*j jl£ Ijl 
<jjic.| 5Jla. __ji LaS j .j_yjlj]l (Jj2 (jx «.ljjjdll 1 ijlU^ la.jjia tiljj aj jl ^ajjill t _ £r lx3 
C(JllLa]l (Jjaui .^jli-al] Ajc _jj AjLajJa ^ja.j L-ll JolL L^ajJ ^JJ^j t_g^ __uLjaJI 

(Jjjlj lililj lAajaj^a 'ijjj^aJ jJ.«LT-Lui L^jli iS^jAa. sjLlu dlljliil lil 4j| j__yaj!iij lilil 
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L&JJjJaJ AjLsC c-Llil BjLluJI a^A IjJJ^-J Ij^Jf^l ^ jjxii*a<a]l jl 
i s\ .TiCs/l jjjj 4la.j»a]l elj.lll J-^-aJ • j-a^l J i all (JSjuJIi LjJiillaj 

IgiaJjj L$J t _ s ^Lail tjjjlall ^Laj) J L>° J^-^l ^ ia»J ^^l 4la.j-a]l j j_£ jlajll 

a J "■■ '"' Jajl_**-«a ^jJ) J a all lifc ^ » >i-s ; . 4_JLc 4jc _aiij ^ jqlall 2 <- l , aj 
Food & Dmg [(FDA) <•! j.^1 j eliill j <jla iCjl^ S^C (JJ (ja Sx. jjja 

[European Medical Evaluation ajjjjjV! ^iall ^jj^iJI 31£ jj ^Agency] 
[Certificate '^jaJ! sjl^i ^ ^ J^«^ jl s^hj -Agency (EMEA)] 
(j^Lijlla I jiiki J cLakll j> jSjij ja. jjJS ^1 of Excellence (CE)] 
Jic [Good Laboratory Practice (GLP)] a.iiaJI ajjjIlJ a^jUJI 

(Jja i jlj iAjllc a^laAuJ inj jl t _jj*J La^s ' *M ^^"V^ L? jA'-"-" 

jj^J .13 j tUjjJ (jijjaill <aaJ A-l^jla all jlj '(JJS-i lJJSJ ^LjLiill 

. U i I Lie j u 1 1 

1 g aajj „S/ <ia| j <lL«ij 4-alui JJE. Igjl (j&jii jl AjjJ^I Cilia. jILa ^gJc j 
.laj liili] 'IjJJ^ VLaj ^ j jJ_olaJ AjLaC j jaLluij J3j .(jjilill jjj3 ^j-o 

gjj all jlajjj IfrLa^ a ^W^j cs^j W* 3- ^ Clilj.laj <la.^aJI ai& ^ Clll£jJi]l 

Basic components 4o«LuiVI cjUjUi 2.3.13 

(ja l.la.lj (_>joj1 t4£jjuJI Ljj3 <_La*j ^^1 AjjlaJill ^Inll (Jjj^I (jj 

. .lia._j]| <_LalxJI QJip ii$j£>^y*J ^ulIJ^) pistil jjj .A£^)juill dlljjS-a 

^AJjjj jl pistil ^gic. t_La.jJJ V I J^J-^J (j' SiJi^ AjLSiJI (jjLaljtll ^gic-J 
(Jjjall Ijli .<aja.Li AjjJa. 5jlaj 4£jju -»* CllLAIalall J^J 

J ja^jII _jaj jLuiaII J^JJ j' ^..'^"'"'J V (_JjAaJI t^-^' ^^^-^^ • 

(J*3 j£ aj (_yuLi! ^-o laJJ jjl Jllia. AjIc ij_£jlaa]l ^ jluiall 4jj 

^-a 5£jLlall JDLi. jja i_a^JI lillj J jj^ jll ^jjl^-oj <j« f»C-jJI j^C-J 

a^oli-a AjjaLUalj CjI£jjoi ajijj La "ajlc JJ^ll li* JlLa jl VI ij_5ja.l A£^i 

^5-ajjj La j> lilli J^>jll ,j£aj La£ t(Seed venture companies) 
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j f$JI j*L ujjL i jal ^ j ^Business angels) S jUjII 4££L«j 
People o-^» 3.3.13 

a (jx ^ ' ■ taJ jl j£-aJ (^iSI ,J ujll (j^ ^ a ^ " ^ <3^)a_aj 

lillj (_Ljxl (_gil£]l dlS _all j=^J (jj^jlui (J* (j^J t j j.uiia j^all c-Lalxll jj^J ?l IS a a Lyxii 
^tlaj 4_a^alli . jjjj-lall AjjA jj£j (jl j£aJ V tiilijS .? ( ^aJjl£VI f^laC. AiLja) 
lift ^L^j] (^ £ - (J- 4 *^ sjLajllj ^alxll (Jla-a ^ Ajla.j IjKjj jssll ^ -J (J *■ ^1 
ija tills. Lijjj! (_j JJuflll (j* l_S_«aJ| Ailsj jl .e^gjill 
CllU-aLaJI (j* ^ AjjlaJlII Jjjsll ^LaAjl jl j* fG-Jh (_ylc- t's jiall si* 

S^laJI CjUV jll Lai lift (J" jW-jV LaC-Lj ^ilg-uj lijjia j3j AjjUaJjjll 

(jja> (Entrepreneurship) ^h^V J«ll -^j-^hj Lpli aAjj^VI 

J jl_ j— L_! J"'"> all jjc. j^j tpli_iYI j jaL_il j j^j 1 " —Hi jlj t _ _ _ij 

.AijjJ—ll (J— — 1 'I 'J- 0 U jl (.L—^J 

___5I jl UjjJ (^a (Cultural conservatism) 4iL_ jj 

_Jc jj , ^.-v \\ i 4} j| -v aJ| j (jjjftl j jjc. (jjjLill jj— J AjIe. J ■AJ ^ all j«a ^»Al 
j_J (J__l j^LaJI li* jl J-^J • (_Liail ojJJ^ AjJ aJa.1 liSLlA lil jjj^ ^L>j 

I* t _gjll iJLacI (_JjJia£ jy^k^Ull f-Laixl] A Lma SI ojjj^all (jli '^iafJ 

f.LaI*JI jj-a Ijjljla ljj£ (jlj t3ila!ill oifc J^f*^ ^?-^ <Xa!>lc.VI JaLuijVI 

jyill jii^LJI j« AlA«JI jli ' d J L uul Liij_)^J L-luia t(j^j . (_jVI j)_aljUiJ 
AjjS ^-i^alaj ^aall (jj^iuK jjc. A^jl j ojlaj ^1 J_a^J IjjJ (jl UJ-^JJJ 

.JL>JI liA 

j)j£j La Llllc. (_LuJl A-aialaJlj 4jj£^a]l <ljlLa]l A^jaJI j)l (j-a ^C-jll ^^Sc- 
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JL>* <J s^jIj jjlj Packard Inc. 4£jJi cJj^j ^aa .<_jJa*1I 

LjfL J jjilll JLacVlj ojLaall <Laij.la ^g^jj^ jya A ^""^j, 1 4_laix]l (Jjlaall 

bjjjl ^ ^Laill j (Jiiall Ajali. ^gJc. .LjJjaj 'Ajl-lJI ^3 i^lxJI ,j jlijxJ 

UK jb ojjiJI dij^Jal -iia i,'ajp^i\ jjlui j-uiaJI JDLi. a dlLjV J^l J 

j-a sLaI*JI (j^> (j^J '^Sjjill ' ' 4_1a1*]| J ^JJ^-?-i^ U^jW" 4 ^ 

'AjjJ^JI Ajlail! ^UaS ~ i tajj JjlaJ ^-a J . jijjlg-a]! (jd^-* Ui? •' 
Ij-aLu jljal .4ilii-a Cj^bi-aJj Aillk-a jSLal (_3 IjlaC jJ-^l jljsVI (j-a JjK JJfr 
^^CJj La jl .Alj-a]l (_L»J jja^JlLa ^& j ojjK (Jlll^iaJ 1 jt li j afrjl ia^l (j-a 

jjj La ( x_a^j jjU jj^A _»A (Serial entrepreneurs) jjjsUiJ jJ jLLaJL 
Attitude & culture tttiSflj Lialj^l 4.3.13 

7- g 1 IjJjij (jjU-aJ^l^Vi j>«a ' _ s^A V jl jy-a-lallj _^aal) AjLaC jl 

(_£jL>i]l ^Ltll j±a. t£ j^b j<a]| ^jJc J£jj 4-LaJ.ll£VI j» jl*JI jli .gJlsdll 

(jjla-a fl \r. (JLa-a jl £jJaj-a ^ jjJ^sJjlSVI ' " la 11 La 'i^lt j !<—S^JI ^^Ic 
4jo\r. Clll ^ 4jj£a]l 'ij^ali-aJI oi& (_paj*Jj . Laill A 1 jx ibj 

(_£jLaJi]| ^AxJI La! .Vj (JjjJ Aj-alxJI 43j*-a]lj t*w^l jjjajj AjLulSI jA ' a^frSI 

jl Cjljjl - laJLoLj LfcAxj t^U^'u ii all j Jjjjoill ^ J e-lia-a lal.}Al ^ciLu j^i 

jpl<i\l ^gJfc J ji aaJl (_L>V <iujlia AjaIc. CllVLa-a 

JitLa L>* '*_3^ UJ^ LaAic. a U« | a 

(jl (Jj^jjauJI (j-aj •^JJ^-?-^l 2^'-^^ aj LjjoiLuil jjSj «JJ-i j' j-a CS^" 

4_J jL La jl i<— SJjjtill 1 ■ hn^ j lillij iLjajli ^^aJjlSVI ^JLtSI ^Jj-aJ 

jj.jU'mj jl jjjji£ jjc. jjjjfLl JS2^ 4j I J-ajiJ jl ^ *.'''„' La jA (J-aC (j-a 
jl j^-aj3 jjJcLi^]l ^Laiatll Lai . (i—klii-a jxl I^A j^lj '^La ^C-J ^^Ifc (Jj i SI 
^Jl 4 -^1 -\ A} AxJ (IjtLa^a jl£ La^a tpglar. jl ^jjt-aJ t AjSLILs jj ■ <ajl 3 I li aJ 
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^-UaJ La-lie jj£I Lj-la. ^ jjuia j-all !1a ~ J i aj j .4£jji]l L_sl.l&! (J _ax<a 

j<a J^C jj-aJ-ll^VI j><a L^!.J^ UJ-^J (j^ ^LiaJI ^aVI ci*-?^ t^-* 4 ^-^' IJAaM 

■SjAxJI jli . ^^iniaill C±aa]lj f.LajoJI jyj jLna.VI (J^- 4 ^ (J^ J 

<Jla-a ^^-ajjl^l (_Li»JI aiaJi a (jl (j^ CS^ '"SO^" Ljp^-i CjI£jjoJI (j« 

.^SjJafl J^c J*ilLi (Biomedicine) lSj^' M^' 

° taSaul cJ*-?-j CjISjjsII O^A jl (jll«jjl£VI '-— » J 

J^LLa. (S)jJI I^A jj .^g-alatSi <Laluwi je I - La u ^ill ^Ull Ajjila. J3I 4<ejLajll 
4 ( _ s -al*JI CLiaall ?.lja.V Ijlia-a Ul£-a jj£j jl j£-aJ 4jJ-?-^l /AjftUx^ll AllJI 

^JUJI ^ JjSaJI (Jiiaal j-a .11.1x51 jlj < jj<a"\t ji^j Alnll o^A jj • 

i<-.l I, aj] j (_LaxJ 

Ac^jjoJLj ^..lijj <lnll oi& jl t5 -ixj o.llxLa]| ' lajjlj 4jjLaa5l Lj» i <a5l jl • 

X^Uia. jl (j« J_jl ^ ^11x51 [JjaluK JJ_aiaj] Ajliaa. 4_k^j3 tilLlA • 
,4£jJi5l JLacI I g La ■** .Jill SjlaJiJI jl Ajjaillj -Jx5l 

(_ji]| (j-ajll L>"^ 4-a$-a aSSI Cll.lj.l^a ^^Ic (Jjj^aail Aj-aj3 lilLiA • 

.1—JjC.^aJI ^5x51 Axjlila <j jIjaLjoVI Aj3 ^aJJ 

Strategy kajjIjluV! 5.3.13 

IjLa J^SJ jl jj jlS-a-aJI f.Lai«Jlj jjunl LaJI (_)^aLijaiVI jl A*-J 

I^C t \)tj\I j JauijILall (_^AaJI ^ (_J-a*J jl ^JJJ lil-a '. lilliajjl JJjojI ^Ja O^A (J»°"'' " 

iillij 4 i ^-il A, t L*jJa t^jA La A£jjoi Aj^jjIjJjjI jl .^^jjll ^^alxJI ■ - La all 4_u)jLa-a 
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^^Jcj jiuiVi Lj-io (2)1 1 . j ^^l c-LijiV! (jl ^jjgLiuij Lu£l j 

ojjxj^all Clll£jjjdll Aalilu^II AjsjjIjIujVI aJIuiVI <a» J ^Ju LaJij • AJiuil <J£juJ 

,_>aLiJI L-S-lgJI _&A La • 

jAJ j<a (j * ''.'J I^Aj ^(Jj^l jj^iui IjLa • 

ilAiil jL£^l tl^alaJ jl lAalnJ j£-aJ c _j11 'i^jAxJI ^1 jjj/l 

oAjiaJI 1.1a. ^-a Jy£jj]l IjlA (jl .Aj3 litjjl I- aiaa a j^JJ jl J 

Cllljliia.1 ^^tJ 11a j .'e.2j.la^a l&Jjl j-a jj£j t^Ltll ^^Ic- ft-loJaLAjl 

4 ua oJl ^-jjLuiall '-— » l jc. ^ylalijl ^^-jjtJ Slj iA \* t r\ 

£t-oli^>jj *-^ll sjlc- ^^jstj ^gJa A\ £^aL^>ill ^Lajll ?^la*ill (J^Uuj ■ aj£ • 
(Jjj^illj Cllljl^aJI <ilLaJ (Ja .AjjjjjoiII L_ljLaall JjL (_jill jj_aia!ill 

fl^jk J_y oai ^■<-; Uu£ 4^l£ JjaJI jl£ |jj ?<illj elja^ ^JLall 
J jVI *-»■ ^LljJ *Lpj| A*J ySS^Nti J jU4.\l J^utiui I jLa • 

iiL-ll <_Ja jl t^Lalatll ^J<0 JjSC. sLjjLl ^jaLa (Ja t^jjjoiall jl ^laullj) 
jSjJ (_£jLaall ^]L*JI jl ?(_Lj*JLj j\jaL^\ j-a aj jiJ £E-aL)^)J 

<j' .AjLc jl crA lc. JL>* ^^Jc. QjiA 4 jj*x jr jUa 

ejxa-all aJjlill *-aj 4A£jjill A-aUJI t_sl^ftVl £-a sLalaJI sVj^A J-aC 

jl ^Li& .(obi A^jjill (Competitive advantage) A^atnll 

aAjlill a^A ' ° j"' j^-°-J jti'j iA^^jill A_LaixJI 'a jj-a-aJI SAjUII JiA=lJ 
.*Lal*]l IfrJ 

Jjlia A-»JaJ| Jjll. ^ jiLJI 6.3.13 

Product versus service versus technology 

jjjj^jj ^jiLu ' ajJajSl j[iml ^fl ^^.1 _aill ^Al ^1 (J*J 

^LSI 

jl PflZer A£jji Jla 4LaLaJ AlalSla Ajj^^a 
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ji I » '< «j i 1 ua j tRoche a£j^ 

Ajjj^. 4_jlaj a U,„ljj i a^gJI I^A [jjSaJlij .pLilaVI Cilia. jllall (jjjjoij 

.oil^C (jJjJaJI (Jc' a^ja-j^ll '"'1 iLajill £)Vj tAjjaall 4_liJI si* (JlLa f.Lu] (jjJ^iLJlj 

J ja..JJ LpLvaJjl jJjujI tjj-ajll JJJ-^J '"SU^^ 4jtaj]| CjjjIs 

<& aJjAa. ClsLa-jSLaj IaJjjjj i - ija (j^i jj£l AajV 'iji £-a 4£I^u> 

i4_aAaj jl (j£-aJ La J jjJI jji Cl)l£jJa]l ■ ll'iVi j lift 4a^-<. dlLa-la. J dlLjj3jJ 

^■Ijikl J c_aLiu£l l^i^A jjSj .(Product Company) ^Luj 4£>i • 

4_j ^-ojulI (^iJI -iaJI jJjiajll «^LaC. (Jvla. (j^ 1 Jjj^ajJIj t d]ta.j31a 

(J o_)iaJI <! La AaV LpjlaJ «.Uacj jl LjJtJJ (j-o j t^LJI lilLjAJ 
t^Alj —Ml j c4jjjjjai]l i_jjLaa]| ' J^J^ 3 ^ L>° S_JjiVI (JaJj-all 

4jjjaJ| 4jlail] ajjj^]! JjVI 4-a. ja]I £faa. lilli lW^! - £UJ^ J 

. Chiroscience j Celltech j Amgen Jla 
oc-Luj tiiLuaj J CjI ji jjjiiij a _aa3 .(Tool Company) ciil ji • 

Clll£jjai]l oAA i " ll 7» Jila AlLaVI J . lLa>jjlait jJjlaJ ,j LiL)^^ 

i - 11 m< ^ j (dlLlS >all aLjC- ^.lisjj '^JJ^J' CjLajla-all dAja a u :(_Luujj 

tiiiajj .(Combinatorial Chemistry libraries) Ajaaljill pLuu^II 
(Technology Sjffiti oL-aia ^jJ ciil£jji]l oi* ^^ic. 

.Platform Companies) 

5jjx^ Aajai tSkil (Fee for Service Company) l)^> • 

^"'^ ' Jat (jjiLoil ( _ 5 Jc ^1 .laJiui'V I jl jla_iU (jjjjjla sj^-a (jjjiaj J'/j 
^^jA.ljj j tAjjja. i " ll i ja^ j cAjjjVI ^IjjC. tg-jLtajSjl i_jjSjj1I I^A (J « nil 
.4jLuI ^j cSJJJJ^' ci^ La J^jtil (JL>-a ^3 oJj^fc (^ji.1 
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o!&£i\ JjLj jII ty> liLol .(Hybrid Company) ; LiiM> A£jJi • 

^ (_L«J ^gAj ' 4 y aAa uillt CjLa-liJI j Clll £JJJ (_gjll dll£jjoi]l (_Lujij 

j| .(JjaLuuill ^ lilliajj! jILul jl L_aj*j jl lililc. 

JJ^° iJ^'J I g ^ J I s"'^ Jf..'"'^ j"'"'^ t — U-^ 3 *' ^^JJ^I 

Alull ^jUjIujVj tjjiall CjIjjjIj JljlkVj 4iljLaL>jJI JjJail Jj^ajll (_L>V 

(_JjLuij]I jc. o.lia. sjia ii.1 l^a, Jjittll (j-a jj5L) .La Sjjlij-aSI 4_ia.jLiJI 

(j^-aJ (^iSI (Jj^>lall ,lj.laaS CjLajla-aJI oi& (JvLilIlhI j Ailii-aSI Cjl£jjiSI IfrSSgoij ^^A) 

.j^LaJill ^1 oJ jSJj A<l,.,o jl tiiLaaJ 

Success £UJ 7.3.13 

oilLa Aij^jiaJ ^lajSI L-SJ^^aJ ^^Se oj^ls AjsjjI jJjuiV I jj^J jl ' . 'rj 

li* jl£ Ijl gjUmlj 4j£s ^ (jxi j ^^Lj-ill lila^A _oA La i^mq'l (JLuil ."Laj^Laj 

oilAaJ j£-aJj (_ s Jt3l J t<SjSaJ j^-a-a 4(jjiLail (Jjlii i(_><aLa. lAjl ^^-ia-aJ tL£i ' a^frSI 

^^ajllui I Li£ j ttilSiS i'q Vil 4 nfa *\\) dlt^aJaa St La j . jJ*-a j-aJ>J 

?dll jiaa SI oAA CjjjLaJ 

4^)^.1 jLjcaJj . (_£jlaaSI -jg La]l J ^LsaJ^SI il i flOS^I (_3 ^la-ill ijj«J 

IjJc. jjj tLaLaJ Aikili jl 1.1a. 4jaaLl Lai dlil£ tj££ 4jjJaJI 4_ii£iSI Ac-LL^j jli 

— 1 gjta jUa £JJ (jjjLuil ^^Sc 4ajlj ■ " la 1 i al AjjJaJI AjjSjSI CjI^Jjoi j-a iis ^Llla 

ciiSI j V Ljj^ %90 jl Laic tLjLaJj <Lili l&jliiel jj^-aj ciil£jjill ajL jl jAjjj 

1 " " CiLel Ljj-a %60 (j-a Jj£l jlj t4 lajujj Aj-alfc dll£jjui£ 'oJ_ja._4^ 

(_>«Liia j) IRR (Internal Rate of Return) j^ta J^«-a jJ jVl 

^)ii*J Laj-aC. _aAj 4%10 j-a jiiSI ^IjJ (olj^l Jaa.V — jl aJJ i ^ S ^LaJI ^LajlJ 
Lja.Laj Aa.J^ 4i^}*-a ' "J A L^jl^J ^^iSI 4£jjoJI (^1 Ajj-uiSL Lai .LljLajluil La.Laj 
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jjlau ^SC (_Ji-a ^ '"(S a (_W ^ J Jk ^ a J (JvIa. j-a lI^-uI g JJ' ^ 8 " ~ I '°"'J 

i_!jlal]l <l^Jxs J j^/l lil^jlia J (J!iLi. j<a jl 1 V , \l * ,^1 4£jii £-a JJJ^ 
.Igj jijaj ^^lll jj_&lal]l La ^_J$i-a djLxjj Jjj-a jl iAjjJjuJI 

Competitive advantage ^ L u i USfl ijIJj^I 8.3.13 

jl ^^ialj < CLlUlljl a-lll Ja*J ojliVI (JJ.i (j-a ojj^La oAj^ 

4 t ; U"' i ii I V (J-aE. i^ljS aj jl iiiilui3li« j-a jj^t^.1 * 1 _—>^ j-a£- lilic-UaluiL 

La.li*S . (jjj^VI (j-o 1^ (Jjla ^^C. <LaC. £jlaluij ( j!i£l 4j*il_jJj ( jl) ^JJE- 
(jl ttSLlfc tials 4_j IjJA. j_a£j (jl j-a V^J t"liA La" 4£jjoi£ jl <JjlLa£ I (JLal 

jLuoill <c.| Jill ?4_}jlalll iiilaJj qaJ Ii* (JtIL.lU ' fljS j tl jlj-a-a j Ic-jL (jj^ 

^gJc .1.1a. ^-a I^A j . <jLlxJI f.1 £-1 JJ^yi ipl JLI cdfLeJ (jl 

Jl dlLlLaxJI jl jliaVI ^^Ic £^J^ '^'jJ ^aj'- 1 ' a^J jl ^LakJI 

^ljli.VI Sf'ljJ • jyj^' o^-bl J SJjLa jj^"' ■ a LpL jj^ajsu ^^lll Clllc.ljli.VI 
£iaJ V A)£IjHj Ljjl liiSaal j-a jj-^J iildjla.1 (Jl^-a JyucJI j-a j — *- (_^l £XaJ 
UoAicj i^gjjjlS JJC. !>LaC. liilj j-a (JxaJj Lj-j£l j itilc.ljli.1 AjIsj j<a j *■ 
1.1a. 3_a£-a ^Ijla-VI illUjJ .liiJiJ tllSjll j JLaJI likll jl£ lj] ^JjJalaj jl tt&a-aJ 
j |^ (jjsls j_jj J^J jjjlLajjl j]l j_aJjL»JaxJli .(_5jLaall AjjjiaJI AjjSllI ^ 
jlil 0«.ljJ (_>uJ jl 4 °J» i <-i ^Ijlkl tlllf.ljj till j 4£jjoi ^ jLajluiVI 
^^Ic. jjIflTJm (_^Aj]| jya AlA*JI jli Llilcj lijj*-a lilcljiil ^ j i La]L^. AjV 
CllUljJ ^^Jc. JliLa <lala all A^UJI CjI^jIxJIj tilijia jjljLajj o^jlaj 

[Polymerase jjj^aJ ^ a1> A >.,A\ J&lij ^^Ic. ^IjikVI s^Ijj pljikVI 
Ij^jj Hoffman - La Roche ^ill Chain Reaction (PCR)] 

£2.1} jl ■ . '-^J AjjLsj (_palj&V (PCR) SI - ^"'"'J pistil ^ j ^ *■ (_jl jli 

j. ali a 4£jjil| jia Vjj CS^" cJj' ^ ^ Vlj-al 

(J ^IjikVI s^ljJ <U*a! (_>uaj li^J jj • (fj/ J*.)? <JjjjjJaJI <—» jJYI tAfj} 
V <jl VJ iilc-ljoi.1 jllj jl La j ujj Ljjiaj j^-aJ jja. ^ Ajl ( _ s j«Jj < JJ i aSlI (^^-a]l 
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(gAJjJJ L£U. iaiJ tSlS^lal ^ lillj ^jJc <Lal .ClI j^VI j2 JJ t*I]j JjflaJ <* '< aJ 

I Lgj J 7-^ V '^"T-"' ^-ij-iJ j > ;! ji JLifij /j-a Lot tilimal La jS-aJ jj-. 1 Aj.uialjj 

(7« vitro L£UJ i.iu^Vill jJc <J JjIjVI jj^jLaJI jlS Jiilj .(^jSaJ! 

I jaaJj (jail 11a ujj^' j j - uiU ^I ^Jk2 ^Jl ^ajJI I^a Jlaj fertilization) 

o j£jj-a Lille ^ kc\ i > all a <illj J tAjjJiJI Ajtsdll ,J Ajjoiliill Cj| jj^ll 

ioAj^C .ijlj^s lillLoJ ClllSjjoill ^_ya Al^*JI j . ^ jl ^^Ic. (_>oJj 4i^)*-a]l l _ s lc- 
oJjlill Ijjj '^Ijjll J ^giV^.^ill JU-all AjjjjjjII dil^jjiill A^alLj 

(_5j_ojll (_paAaJI <_sJ jj] I jlg-^ 20 liljjl j>j L^£iLaj ^ill SJj^jJI A^jlusI jail 

ojj^aJI liljli tl^iiijJa] (jjjjalillj till jjjJXoj£]| (j<a .li-laJlj DNA 

cAJji] Ijl^ 30 

(j^l j tdjLj^iVI (j;lJ AjjjLi. (JSVI j . Itfjyzu (j*a (Jjl dul 

^-jL^aJ iil£!>lial (JajjJ AjjuiilUll OljjLall Jl£JlVI .Lojlj t ■ la i si P(c^ 

ciiU. jiiaJI LpUal Aj& iaaa I ja. <lL*i jjSj ojjlaJl si* jSJj .5i jj»-a (Brand) 

. (JjjjjjjIIj (jja 4_a^-a]l ^iLjij (jJ^J (jljj^VI 
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QjnAHaUj i^ma'l 4jjlLa j <jjui2ljij o Jy-a <il£}l2j jLj-laV oAli.jll Aij^jlall 

,j tl^A (c^*J -^Lii jjSajll j£-a-a <LaC AlJJ La jl jLnj /jA UiJ^^' 
^t-al^J ^ jl j£3j) (jjiLill ,j J^L^ll ;J <a« j 4j jlLa (jl liljljjj l4j^)l*JI 

j3 jj ^^ill ^ jli-a jJ_alaJ 4_lLa£. (jl LaJj . ((_Lia]L) «. _aJJ AjjJ^I ' al u£SI 

Clll£jji]l jli idll^jjLJI j-a jjj!)La]l dlLla ' ■ lllajj AjLaC- iA^^C <LJl*i IgJS 

»l f)l (_paj!iil (_5j2 /g «W- cHjLjjJ ' . Ujoi (JlLa t<Laljj^ JSI CjLlLjLl (_JjSJ La LJI& 

i ^yic. JAi jl i(ln vitro J L^UJI ;rjLi. AiJUi ^^It Jjta J tj-a*^ 
JS .(^ jVl 2LLa.jx]( ^cjLu) (jLoiiiU lj>^a V *if ^Ac Jjta J n-iUl jjaJI 
^jjj JJA ^1 t ii^'ini (2.13) j (1.13) jjj&iS! - J jLaJI ^Ac s jixk 

. ^-uiLull liiaa _^a 

Competitive intelligence p\s& 9.3.13 

I^jIc- jj£i jl 1 . laj ^jjll 'ie-li^ll AjjlLa jVl <L*.J.i <3ja-a j] 

.^aLull c1£AL ( _ sr A"U La jA I JAj .AjxuiLu a j^al lilSilial <Ac CjLjYI j* c ja. ^ 
a^A Ijiui jjj^l lilLiA l)Aj 'La.lui c^ c ' (J"*" 1 ' " ^ " A J.'^- A^la cdLiA (Ja 
jjji.VI jaA (j« ?(_Jji.l CjI_j1ui JjjoC ■ " <La.LaJI a^A jl (JA ?iL^al <LAaJI 

jya Afcj "-^ a a^A Vi '\ )V- jj a a ^»A Ja j c-L^LaJI aJlA .lui ( _gic' j_*Luu jJ^ll 
dlla jj£a jx (JaAa J^t lilljA ^JjjjA jA Laj tAjmflLlAt AlaaJ La (J_a^ i*<Ul .'<*>.. .Vf I 
jjlc J ja. jj LgjLaj^al Aijat-aj (JJj ( _ 5 ]t ^ jlaj V ^jll j 41aL^aLjo ^^j]! (JLacVI 
.(jli^alia ^3 ^^g^jLiJI jalLtil I^A jL (JSI Ai^a-aj t^^a.jLi. 

The business plan J^xJ! Alai 10.3.13 



4j-al»JI tllljLj-a]l £-aiJ (j^aj^aiJLa (jj^S ^JaxuljJ ^^j"'^"'^ UjU-s,Ml ^jsj, jl 
a^A ^Jfl^> jV il»-a AjjLaallj <JLa]l till jLj-aJlj ^ulill jJ_alaJ dll jLj-a j 
La] <L^aLo c^^)^ ^-^jL^ UjU^'ti AjLaaJ ^Ljjll ^jli-all jl . AjjoiLui) 
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4_ljjLa. (_£.la (jc. ^)Iaj]l (_pa*Jj .Igjli .la_l 4jLj-J t"unj\ ^^Aj iiilLaE. AjIc jjfLua 
ilia, tLib [$1 ajlxajll j£j ^1 lj! S^jUll jj£j Igjli I^IojJj 4_laJjiJI si* 

^cja ■ all (J£joJIj £JJJ I jjj 

Ija ■ aj jl pLalaJI ^^Ic tAjjja. 5jlaj $.LouV 4_laa. clll lallm! (J^La. 

ujlaj (Cl (jjJlAaj ^Ajjc-j jAiujla-all j tiljiJI 1 -lLa 1 a) (jl 5l luia 

(__yuLi3l eY^* U^J 'J 3 ^ L>^ .AS^jji5l ,j lA^l^^aJ Vjl jjajialuiJ 

(_J£joiJ 4£jjoJI 4 iaa j£jjj (jjuiaj (jl j^-aJ oJjia j A n\\ > a ^>iaj dlLj-a. j AiiaaJU 
^5 Luu Laic, .olj.ll 4 1 aald 4_lLa*]! oAA IgJ j-aJ ( _ s j]I <_}a.!^all jl tLa-ijAJj . JJJ^ 

.ailcl lall^aaJ c _Hll jJjLa-all L_baia.j (ja..llLU ^Jjl ^1*JI ^jj .lla. • 

4jj& i Ja*JI 2 jaa ,j^ JjVI c. jail jA li* .^laJI lAA £-a J-aaiu liLa Ala. • 
jUcVI j^*J Aalj jl ' . ta-lj . J- 4 *^ ' "J^j (J- 4 *-^ <iaa. Ai^j 1 a . aij 

?lfla. J-a*J jl jJjJ] j^-*J l^-° ~~ 
? jjl j t4_j a L? '^ j-* — 

^(f.^jJo J£ til j.la. j^ j£Ull ojliVLl j» J^ui <_£i\l j-a ~~ 

fjA jj£j V J tLjj j»LiaJt «^U",„" V tSlLiA Ja - 

ilgjI^a-Ll (_£.ill jA j>-« tiilliS jl£ lijj tUjJ ^Liall t_ ll y all 



(New intellectual SAj^aJI Ajjiall 4_£La]| .^jm ^111 j*(> - 
? jjjkill jj jjii^ ^ill t>j (property) 

?LjJ (_U^aj!ill 1 . 4jjjjj^j]| Cj! jLajVI ^^A La — 
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^£1 ^liaj JLall jpa f& i (j^a jj^aaJL j iA£jjoill (Jj_^aJ -"'J i " ' aj£ 



I Ail 



.llj-all (_jill jA j-a LoAjej ijjj-alll jlij Aie jjSlui jjl — 

?JUI <> 

?iAL>jIi« jA La ^^AaU li* j 4iAL>jSi-a ^J.'"'"' (j* CS^J _ 

4_u1 . ^■■vl 4 q ;'q~, Lgj£jj teLalxll ^j'-— » a! 1 It i sj^VI <JaiJI J j jfL) AJ 

IjLa jLuij jl liLlcj t(_Liaj ajLaAll _aau A^.j!La]l AjLalxll ^c-al^)!!! « j) 1 " Ua 

^jjiall (Jjij ^ixi tii.|j ^ jii^ ciili djl£ I a] ?iillAil till^j^il i*< wj,,, 

■ - la ill 4 a^aJI (j« jj^J IaI . (J-axll (j 4 - jB^Li ^J-aaJI jjfLjjjj i4£jjuill (_).*»*■.' 

^JJ jl iAlui JJJ-a -^*-?J t j£-»-all j)-a . Jj 1 * lLa liljS aj ^^jaJ dlLliifc je 

(iSlj J] jlaill ■ -l*Jj !A£jjil! ,ja1jJa1 j\S ^aII jtLaJI ^1*11 (_L^aj je 

. jjotaJ p^^jolI aIIajIuiI Jajjoi i!>Lui2 (JjjJ j t j_alajll j j-ajll Je (J^l-^ 

jjlj t jVI <AAjl jjl jyj (Jjj^ia jA^al (j^aJawoiJ j& Lj-LaSL 4_iLa*ll t_sA& (jl 
dlljLlai J _J2kJ £-a (L-alc. Sjjl« jjc. ajj a I3^>la AaUj V j£l) S- 1 *-^ iJ ^ijfi 
— 4 fl^fl 4 j-v yl ji,„VI jj£j L-lli all Ia^I .AliaJI Lima J_J-°VI ^ l^j 'Aluilla 

t_Sj*j J La <! (Jj^ajll Aijj (fiill jliLall jj^aaVI (jjjlall J^-J^ u£ t*lj£ aJ V 

2jlx1x1\ LLiaall jJJ Jj^aill AjjlLaj f At iAUaS £t^a jj La£ . jl£xll till j jjl 

.A£jjill ^ AjjUall j 

IjLalj iA^jjill ^AxutLo: Lai All 4 jjj SjLlC AjLa*ll i " 

(jjSlui lilli ^jlj AiLia] .(JLall (jx Ajx£ tllikcl Ijj jA^JJ (jl JjJaiVI j-a j ' 
Ijj i Hi (_^ill (jjLoiVI (J- 4 *!! AJaib jjSj ■ LaS 4A£jjill AjaLjdllj UjU-^'U Jac. Aijiij 
JaiaaJI ai& ^^•^ L'°''^ ' .'J^^ 1 JLslI ^^Ic Jj i ^ II Ja.V .jLailkuVI ^IjjSI AjIJ 
cA^j^ill sift jLajltuVI tdilc. ^ jjSI LI iAl Jjajj J j^a Jl iUaaJI AiL tdllc 
?t*Uil j'' JpS t5^ J J' aaJI Lul£^Lj t|j£ j liS J jSill si^J Jxiiu: LpV 
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(3*3 i^lajll (JJ^jial UjU-vMI (j-a (j^-aJJ ^1 lij (j^J ^^ia. j tlgj jj^"'^ ' ^ 
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AjuIjSjSS 



i_ijUj 



(x-axis) jja-^l .4j*iUll AjjjjjVI AjjUII il£ jJil Jj>«jII :3.13 Ji*iil 

:(y-axis) jSiusl) -i^^ Sjj*-^ aJU ASj^l 2.\*'.\\ jjjSojI] <J^Ij^ Jlu 



Aj^I ^9 cj( jUSiutft 4.13 

Investment in biotechnology 

1.1a. Jjla .Uii ^^£1 JLall liljli <-*fc< j * i-S-lgJ iil.ll.laj JXJ 
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jl .l$*JJ o-iLa Jjl J^V (ja Jafl2 aLIS tl-iVVU LiLla.1 

^li ^ ,'i jl ajj , ,,N ] (jjjaj (jd-il LiSLj lillic tiillil i^lllall s^A (Jlia JJ3jJ 
l.jLaJC.1 j I jjj i " all ^Ijjl ' alia a fc£lll aA jj J aJJ i a alt ^A jjJ^-VI t-^J&J niljjSa 

a^A 3.13 JSjill ^jJa jj .(J^Jja ^^gAc. liljjljAl i_S jjjj < ^VKjiT, a1&.ja1I 
(jjiljll ^ilj-lj Jjjjlall I^A A2j3ua (jl .A^jjill (Jj_aAll <^^^ j-aill JjJ^Iall 4 _^lc (J&.I jail 
'■*"^J ■* ' (Jjj^jII -iL?>jl -^JJJ '"''^ l^j tLag-a (jjSjxu <tDLi. ■ (jJ^ll 

jjj i a alt (_paa j .ia33 (J^- 4 ^ J v "*■" vajHuiaSI jj^J V (jl ■ ■ laJ tUlllLa 
AjjiA f I i ^-«~-l S iia (JjlJ j i<_Lutll jjajuSj (JjjJjoiIj ^-3 ^Jjia.j ^£j2jj iiljj.lC.LuU 
iA ag all jjlj-all .la.1 laA jiixjj .a_lajjll AjLa dull Ljl i bill I ■ <aJ) (j£lj (AjjIjI 
4 iji a cljljlg-a CllljiJ ajjju^all (jjjall (^L-u ' i JjVI <_J^.Ija1I (e^ -4 > r— 1\ -~> 

<jLa •l><0^ L>"^ CS^ fW* *J'^j L^liljla-a ' ; Ifmj a ill a iiLi V j j£j i ^^lll 

a^fcLubajl IjjSjj (jl (j-LaJ (jLmll ^jfl ^jjLI (jj* ■ <aj (jJ-^l j)JJ " eVjA 
4jj_\all 4_l£Lall (jj-aljj 4(JjLaijll j I^SjaWj ' jj a JjSE. (JlLa ClllVLa-o 0.1c. 

4^ljSi.VI o«.l jj ^^ala-aj K " II » al ^ \l 4 J-° ~l i^Luil j 

.(_Jxutll jJ_aiaJ ^ ^jUaLijj ~^"Nfl . a£| JvLi (j-a ^Liaj ^yaLa ^liiJluil 

Seed investment (_>*u«ibll jLajlwl 1.4.13 

nil CjLlLa*ll J£ (J^JoJ _jll) A£jJi ^11 La a j£a JJ>iaJ <J ^ jVl S _»iaaJI 

Jj^oj jj jj .(Seed funding) (j^ljll Jj>aj jc diaJI ja (LLLoi 1^1 U jJil 

t "UmJJj ^- 1 jiii.1 dll«.l t _ s lc (J jj^aaJI j A^jJil! ^LuajV (JLall jx Ajil£ 4_La£ (JjjJjjiuII 
(jlj£ t3^J AjlLaJI - g ajl jjj (j« (jjjjiui_^all c Lalxll t_Sjjia ^jji (J^l (j<i (_)iajlijllj 
AjLat (J» j t (JxaJt <lai. AjIjS j LjiaaJill AjLat ^gi lilliS Jjj^ull I AA - laajaiJ . A£ jJill 

i jj al a all ^liaJluil (J.<u.Tijj Ajllc- CjljL^-a ^tiajj tiLi^aia lliSj 

(jjj^ala. jjj aJJ i a a (Jj3 (ja (JjlIuiIjII (J^J- 4 ^ ^^Jt 1 . (jJfuiLa-all j 4^-ljji.VI CjI«.Ijj 
jl a nml ^ S , a ^^"^j 4ijja_a (Jj3 (ja jl (slill JJajl) (Private) 
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diLjV jll J Ic- jj^ J&l Vj 'IjjjjI J J j^jll S tiillj V 4(jiUuiU3l 

S.1C.I jll i^L) (^ill (JjOuiujI jLaiiiuil J <Us .la. jj .AjSjjx'VI a ^aJLall 

J_jxj ."l$J JjjJjll aJ sIa" 4la.j^ "■A_(u]axSI 'i^)£a]l a^A ^Aic." <Ua.jx 

Cll-lj-lj^ll j aJjU (JjSj s^A J jlaU-all jl Jl t Ljjja. iiilli J <_Ujoi]I 

4£jJill U^jt ' J*j j (Funding gap) Jj>^ S jaij Ja-uLa jl .sjjSI jjc. 

(jljj jl I - a II I^A Jl .Ixj Jj^aJ ^ai I * 'iSs 1 j '(J"J JLaxulj c^ 1 " *J.itii 

. ^>j£l JLa (jJ^ 2 1 jl , a alt CllLuiuij^ill sliijl 1—i.laJ AjilS CjLlilS-al 

5jjjaJI o^aUJl JjjaUI 2.4.13 

Private funding for biotechnology 

4jul!La J jI^aLul/U 5JjUa Jl _axil Jl ^tlallui Igjli A£jJi]l (jjiuAjJ LaJla. 
jLajIuiVI 4AlJa (jc ojlc. AjjaiLill C1sI£jjoi]I dyai ^ J*'*' Ji>^ cs^ l^ilJAI 
o^A JlLa (jjSjj . .ll^jaVI j-a £LaLa-a jl A jh\ (Jj3 j-a A£jjui3l J (j^aliJI 
jjj aJJ ■ 11 all ^ J 1 aJ i a l^-Jj .S^jAaJI ■ "VI f-ljjoi (JiLa. (ja S^lc Clll jLajiuiV I 
a^ ■ ill Jljii.1 (_£l) ^ol-iiil ^ 1 ^Laa. ' "J"'-"' -"'J i aj < i Aiaa. jx J-laJI 
4_j| V j ' (_yuAjysl\ Jij <^a. j j^i AjJjuj 

Jsl 

^ jaJ liSSillal j* V^J ^!_fcP-J <-aJ<j J t J9 ^ mV lildllal Jj^aaVI <>a 

iA£jjill (jjiujljj Lalla. .(jjj^^U IgJJjL J j ( JjJSII VJ <fl jLuJ V A£jJo J 

4 iaa J 4£.jjJa _ja]I I g U1-.-S, J^""' jj£l JLa (Jjj-aJ I ■ lla Jc JajLLu Ijjji 

(First round finance) JjVI a1j^1\ Jj>ai Jjj^ill 11a (^g-ax-j .J**JI 

jjj li^ax ia.1 (j^i Jy _J*J jLaJJjoil JLa - >ii*J V (jiLUalj]! Jjj^ij) 

jj ^IaJI (JjjrtTu ii all 
OJJJ^ dllxaS ^j-«3J J 4 - oj-isll ^-5 ''W^'^ L) ^ "** ' tV^A 

Ipja. jjjj^jj ia£>^I J (JaVI J l&J^ J^J J 250000 Jj^j) JjSiJI 

^ ciSJi ^ V 4 *' J^^^J '^jW^I J ^-all c-iVl ■> a\b <£jji]l oJelui* J ^cla 

jl ajluiVI I^J I g jj^utaj ^2 Jill ^JI_o^U ja^jSjLa-a 
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Venture capitalists jjJUwl jJI jjjjLiiaJI 

dlta jjLaSI ,j jl i -V I jjj^aj^aaia jl q al a uj| e-Vj&J 

_jl ajj i J J A^jJoll j»J j-oj 'f^J^I (JjjUI Aj2 ^ ' '-*,' ^ j 1 i i .-i jjluiij tjlaa SI 

c jLaJjYI (_3-i ^1 3 > i-i jl aJJ i jV LaLaJ AjLuls IaA (jl a jj^' SI AjSIc- A Jaaj (JLall (_>ulj 
I " Ua j!i£l 4(JjiU1I <Lalt 1 g S . aj ^JiSI jjSjpl] AjtjLill (jj^jaSI j^ ^^A J 

>^'<<j uj - (_ySc- j^- 4 *^ j..'J 1 " "I •t^ £ -l l -jl-ijL»J jjj i a aSI 

^3 aA jl j"^ iS^J '^J^l ^ (jjSJtll (_jjjlj]| AjXjilia (Jauij 4 a jjjbta (jjLuil 
a ^tluba (^^>a.l i - 'I fra ^1 lilljA lil Laj3j tjLajIuiYI Clll-llcj i^lxJI i ■ ll »_;"'■ «\ j 

(jl jS-aJj c^^jjI IjSIc-) j" 0 ^ U *-"* .' Ajlat (_3jt")i n"l J3j .'a^£s]l (Jjj^iil 

jjj^jIuiJIj A£ jJiSI t5 lc AjSIc. CiUHala ClI j jj^J 

People o-U3l 

j^aj (_^<aLijaiVlj J aJJ ■ JJ JLall (J^'^W 4-JjLia-all dllt j^aa all aiaa - 
(jc. ;"' 2 j jl , u „M Cll£jJi]l jjli <2 jio'ti ^a.! ^Jj AiLjaVlj .^LtSL lAjl ajluil 
^c.ljjj J^utj ^jJI t^^lc. j (J-afc) i all 'ajlg-a]l till j ^IlaVI liliaJ ^gjll (jjjall 

J LJ.-J ""^ l&_ixiaa ^^ill JjCjll Alijij ,j l^Jj^S ^^Ic. <S^VIj I ■ ; Ig^iaxJ 
^LuJ ^A^l Jbdjoil jl_ij _jA A£jjuil] jjj-alxJI jjjoLuiJ-all i - )1 q * ^il j^s ^ a ba SI «.LluoV 
^jlfr oj^iill j ll iVLa all ' aJJa - (j* (j^aLajjl IjjjlsUJ jlj t'o^J^a. Cjl^^Aa. 

(j-a .<£jJl]l JxC L_al^Al ^^Jc. ^Ajj£jj ^»lj-ij tClLl^aJill <iljjl (JjlaaSlj jj^a'ti 

.ojJd£ Jl j-al (jJj^J ^gi 4jc. jllj <jjLa!ill iLall ^-A c5_>^-^' aJjiall CjlL-£al jaII 

Jia .(Chief Executive Officer - CEO) 

Jc. ^a!i«J ^gliSI AjjLajll dlLjLaxSI 'ajl^l /-i * - >f a ' ^ UJ^ ij^ ' . 'f..' Q 03 '"^ 

IS jJ_j-a I i jj^J jl j ' *c"'^J' : ''^ ^jla^ p.Lal*JI t _ s Jc. i_Ja_lj t^LtSI 

(jj^j 1 " .Ajjiall jj3jia-all (j* jJ^)a.VI J jJfujLa-all j liljiJI (^JLa-k^l ^1 <xJaj 
.Aj31 i >ij Cj^jaJ jjc. l^iiajj A£jjoJI ^ jjJaj «.Ljjl l^a. La^-a lift 



531 



Due diligence <UajaJ 

(^jaau 4 j^jjjoilia A^jjuoII ,^3 jj a lali all (_^aLa ujVI jl j* ^aA^Slj Axj 
c«.Ijjs»j <jl«ijLuVI HiJ^ U c ' '^J^* 1 *^ L>-ata ljLua.1 jjjSLajuil Jl (VC S ) jj.'J^ 1 a 

UJ^P^J (j-J^-^J ' U.1 " L^J 3 O c ' ^IjJ^VI CjI«.I^)J 4 — i a jx UJ-^-^J 
<Lo.li2uiA]l Ajjjjjllj ^LlSI 'ic.li£j s j3 j^s I tdlj (JS . CjIjajj^SIj dll&l t'^Nft 

'ijljc. j^ sijiLa) ^JaJaJL) «.l^>a.yi lAA i_a^)xj .a£jjuo]I J jj* lalubaSI (J^la uiYlj 
1 gJat-ula J a^A 3 SaJa SI 4 AaC. I alaaJ J3j „l La Ja. dlLaC Jxil :l&Luta Aajjjli 

"^tuij J^ - " ^y^jl 15^"" ^ jj^ail jVi j-i jLill I -lla i a) UjJ^aJ ClpLaJ i_3^\_JLJ jC 
1— iLjJJajl i_aVl jl Cjlla ' aKj .13 --^ i a ^jLulLuI £-jjjolo jC. 

J*JI Ajlia (jc JJ^all jjJLaxul Jl jjJjLvia-aJI ^JJJ la-la SI" jj 
I \\jt-a t_ JaJ ,jSI jUI A j ijjjjjjl 4jla. jj£iui liLo j iA£^uill ^J J^-^' 
La£ .LuLa «.LaL<JI ?.ljl je Saja SI 4jUr. ?.ljl ' allaJ ojlcj .4j1a*JI ^».jSJ J!>la. 
^jjiLlSj liLaj t«U J ■ «a all a£jjuJI (jc. (_£^)aJJ jl 4£jjoiSI (jjuoij-al AjLaSI j-o 4jl 

4-Lal*]l <iajjl jluiVI (-3 ~ ■ ajjl j ojliVLj o-lE-LuLaSI CllVla-a .j (JjluiSI ,_a 
i Jj^aljjllj I gjlaAa j (_L^Ijj jl ^Jalmj i * Ua j 4£jjuJI <Jj iAjJaJiSI j 

16 Jala-all j jljaJI jlaul ^3 Ajjjj*ia A la-la SI jlfl tAjlgjll (Jj . JLall alfi 
jjj (jl 1§j3 4 i£ aJ ^Jll 4 iaalSI J] Jja^JS 4jsI£ ClAjjaj o-llc- j/.**i..ii»SU 
(jjaluij (Ajjj_4a1I jlala all qa ^t-j!i\Jj A iji ^ jLaliLul Ijj LajS 

jl anm VI ^^C- jl JJJ^J till Jji>all ^Aaa. jl jl 

Exit route ^jj^I Ji^ 3 

IjiS .^i ^< 

(_3J^>la .^Jl_a^l ^La.jlujl j<o j£ aj ^ jji (JJ^ 3 '-r^ Jr^i 
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4ajJaU A£jjoJI jj£ <Jla. ^ 4-1£axi jj£j o!>le-l ojj£-lxJI f.LiijoVI 

^JJ 4_L,,,g]Li ■ "' u ^^ia LiA JljjaJI jli l^-Jj ' I gjl a jdia j IgJjaaj 

(Retlim jl /m,„N/I JjVc t_jLi.ua. (j-ajj-l 4 1.5a. A n^a 't^J-a 4-aK jli ' jJ J 1 " 

ROI %100 Jli- 2^jS3! ^ S^Ljj %100 :On Investment - ROI) 
cA£ jl ^ t ROI %50 ^ cjljiu, £jj s^Ljj %200 j t^i-II ^ 

Funding stages Jjja-B J-*l >« 

^Jc. !>L__il dlL .53 2__.jj_.ll jj£- LaAic. A ; jl L-au-ll C_ll£ijj__l j aJJ ■ 1 2 
t _ g jjJJ^)]l (jjjjill C_U-5a_u_ilj t(_La*-l A ^ Cjjjiaj cjLajluiVI Cj^/Lj_aAj (_jua»J 

Jjj^j J t (First -round finance) ^jVl ^ja^L? Jj>-jII I^a <-_ .J«u-U 

CjjLuj I jjj .4_ua. jjj!/La 4_L>ljj jjjla ' a- jJJ ojlc jj^Jj '(e- jVI Ala.J^I 
Qiiiui Jvla. ^joiVI ijjJJ-- t_r^ a£jj^1I f>Jj*J fij J^»J (J-^- 4 ^ 

^Lla_i .53 A£^udl! (jl £-0 .4_ua. (jjAa 30 — 10 <jLa*-l oil* j_J jl ■ ■ la jj .till _ai_u 
AijjaJI JjJ-aJ Ajlft (3^» ^° I-&J iAla-j-all o_\& ^gJI <J___u ( _ 5 £] ^L-iaJ (Jjj-aJ 

.(Melzznine financing) bull 
Corporate partners f IS>SJI 3.4.13 

t(_jj__Vl Cjl£ijj__l _jA o_u.5a_l <___£ij_j) Jj_a-aj] ji-VI _g.uu.jll j_U__uail 

4^1) ?.!>Lac. (j_4jj£j _i <jj • <iij£jjoi (j^ jj£>I CjI£jjoi SjIc jj£jj 

i La.jli^ lilLaj V AjjjaJI Ajlaill CjI£jjoi a Saa a jl Vj t(iila.j!il<i jjjiou (_gj3l 
jj_aiaj (J dl^C-Luu] till ad -53 OJJJ^I tlll£jjill jli 111 .JjVI aLlVI 

.(Co-development deals) (iljUall jjj^' CjIsL^j 4jL«j lik jiu 
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4-iLaC. jiAJc-LoiJ (jl (j£-aJ IjJjoi lilLaJ tdiV <JLaJI ojA J jj jjjj i aJ i - agjj 

. j^Xa dlS _aJ ^- jjia JJj CllLpSj Jj (Ja..!^ ( _ 5 Ic (jjL^aaJjj La£ ipJjjVI 



100 50 



50 



100 




,jJUMI! tA*» W (SAB) 
jjjLUlj i»Jt(R&D) 

d i . .J . .i t ^^^^^^^^ 



j Young, Aj ^uui (j^kla .AjjjaJI <Ulij]| ^ (jjjdku lila Jl :4.13 Jl^JI 

"LLuaaJl ijjjxla a laj - n j (jLuull) JLail (_>uij ^jLoa ^jalu * jaJ Ernest 

jjjjjau (jJ-lil Aj^aiill ^jin'tll £a Jl^-afl Jj^JlSI Jjia L-Lml jjj . JIjjII i J& l^ua jLsjV) jl 

.<La^a 4ja,li!l a JA 

La£ l^MLcJ V jll AjjaJI AjjJI jl till jlg-a]l jjj ■ 
a AjjjjjJI i_ljLaj]l jj^>ajj (jj-aiajjj jjlj-aj i—Sjjj: jJ.laj 

4ia.V 

cJjl jjlj JjjAill (_ylc (J' aaj Cjjl .(JjLatj jjljtla jJJ jLajl j)C sjljC jj.Saia]l 
' " ^ j"'^ L>° ^ " pi _ajl lilliAj .B.lJJa. Cilia jOJ-a jl g-al^)J ^^Ic jj^ aaJ ^Aj 
e-ljjai Jl ^luill dljjj (^a iJaJjjuIl «. t _ s jill (j^ ^jljjii (jj^aiall ^ISjjill jjJjSj] 
J (jj-laiaJI dl£jjui]l l^jt ' - la JJ jll jsIjjuoVI (jl tLalc .A^jJoIl 
LaSj ( jjJLaxal^II jj'jl Jaall L^JC ' " la JJ jll «.LliiiVI lillil t^jjoAj^i (J£.ij'iJj tA^jl uj a 
a^A J£ lilllaj 4jj]3 Cll^jJi jl ijhUjaia, J «■ ■ aJ jl tdllc. (4. 13) JSjillj j-a jA 

Jc J jA-aaJI J (JSLLa «* J aHjuj Igia IjI lillaJ V AjjjUII liiiSjji C±l\£ I jjj 4c.LluiVI 
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Grants 4jjU1I £-^1 4.4.13 

^j<-^ \l ^c^ll jjfLi La Lille, j^lj 1 1 ^cilLi AjjjaJI Ajjaill CjI£jjoi Ajjjjj 
AjjSlSI Acl *<i fi jj .(SMES) a SI «Uaui j!La jl a jJa * £JjLoLa ^j Lg-a._&^ 

JL^ 

jjall ^ JSC j-aij (sill LsjjSj Jja. _all (g J ■ auaVI JLa-all i4 a i all ; 4jU*1I 

Lc-Lala.! «.IjjJI ^jJc "SJja." Ujjl ^jic. L$-llj jiiiJ 4_Lal*ll AjjSdll jli lil . jjjjixl! 

. CllLaj^aJI 4£jLw j ^iajjlj ^ JaaJ ^^Aj tLuL^aJil j 

i ""' jl j^-aJ sAl-la. AjJJa. 4-li&il ^^a jSajt ^Clll S-iLj I^A (JS 

ja j .(Technology Transfer Scheme) ^aLull jj_^I ^ • 
^1*11 L$ji j&J (Jill jjlaliall L^js ac^j iaa 4LI2 LiLjai .^j^VI j-« 

.^Lakllj 

(National and International aJ j J j ajiL^SI (j^ill j j^a. • 
J S-JjjJI J*^J AJjLa-a j .Coordination Efforts 

iojLaall ^ic o.laS*-all dll laJaa all 0 ' i iilU& .Lial jia. <_Lal£jJ Lall 

.ajjjjjVI Jj^II jjj ajL>i]l jjjlaj £ja_£i] Eureka Jla 

CliLajiaJI ^c-Jj .AjjjaJI Ajjaillj Ai!>L»JI tlltj Ajjolij_)1I Ajjaall ^^-iJI g^'^W * 
^ LjJ ^^ill JLac!)U AjjoUJJ g-al^J a laJ all CjIjV^IIj LjjjI ^ 
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4_ii9lll jl ^ixJI Jlaljl ^ JcLaul ^xljJt oi& ^->-^j .Ajjaill Jlilil g^ljJ • 
jAilj i LS 5LjA^\ j-aill ^LjjIjj 4<_£jlaa]l (_3jxull (ajlc) 4jL<alaJI j-a 

a jLj-a j I jj; 7-"' jj^ia.1 jVI ■ " la j i ol Ljjjl ^ 4_nalll Jlaljl i . iSl S a (jl 
. (_£jlaall (jj^ull _aaj JjuiaaVI (_3J_)la]l -^Lijl t^ 4 " J-^l ~£ 

4 Small Company Support Scheme tjpu^W iiASjjiil 

<*l& ^jjUibo oiAj .s^iJI a£1a*1I .SPUR j SMART £jjLla£ 

.bjjoLus 4_Laj£a. aAc-L^aJ (JpUajVI ^gJc ■ all dll£^)juill a Ac. Lola) 

Jj, ^.^ y JajjjoJI ' aliajj .(_£^a.l Jj.1 aAe ^ <UjL<l« £JjLaba tilLi&j 
(JjoJ jLa.^1 U^J 'LSJ^' ^J" 2 L>° 

aAA ( _ s i& i_u!jjJa]l ajljj lia.V j£-«j) >*Vl aAA a-ilcV 'ajjjj^a iAllj& 

tdll£^)juall j<a SjJJ^ J"T~ " <_J_J-aJ (jl SI ^-la]l j-a AAx] j£-aJ 

J ■ ajaVI jjjJaalt (_pa^}iJ Ai^Jjoui Aliajx aJja._&a dljl£ lit A i r-il j 

i) 1 jVo, a j taAalxJI 4£la^a]| J^&jjajl ^?JJj' <l_a-ajaLall (ji a Llttll j 

aj£j JlaJ lillj jli 1 » Si Ll] gllall ^gJc. aAaI*-a 4Asjjill Ojl£ Ijj La j-aC j .LilUaj] 

.4_]!aJ! Ala AjJjui Aj j ■ alii 

AjjjsJ j>« 5.4.13 

The stock market & biotechnology 

4-alc j> Jl j*Sfl ^ J jj^JI (Established) 4auJ jll cASjjil! j£*j 

Jajl j' <a] jj* . j ajjoiLaxu j»_aSJ ' lua JjljjaiVI - g ■ "V I £JJ (Jjj^la jc (_jiill!l 

<S aAgJ ^IxJI Jjj^ilII jj .^$Avl£j jc. 4jLu ^juiVI sljjij £J±s 4_iuLla 

^laJ <La^ Jajl jjJa] 1 t i jj^-J ' "'J^ ' (_>alaJI Jjj^alll j£- LaLaJ <sll^a 

.(jjoLill JlilaVI j>-a ajjoiLajuJI jl CjI£jjoi]I 

jjL jx ^ La <jj>ila JjSa. (Shareholders) <LaaJ 

■ all Jala. a^Ljj jc. ■"' iaJJ 4£jjoJI I " ll JJoS (j« AjAatll jlj i4£jjoill JjSluix 
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j1 J (sbi jiijl) (Board of Directors) <jJ-iV' ' J f^Vl 

a^cjluLall (jj^J ljl«r. (j^j tl^JLacI ^^Ic. d j i ala a I j.'^J 

ojJalpA] 1 g i£ £jj j^s ^ Jala t^juiVI (j-a ^ 1-i-^E- (J- 4 ^ tAj.uUJ^3l 

ejtaj <Ji£ ^^Ic. 





.Vj^j 4^3 j^l ('»LiJl^l :2-13 JjJaJ 
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^1 ^ j^JI 



J>»jlII .(2.13 j 1.13 Jli j&l) *l Jill jjj^J uiLiuSI 4jL»c JiLi. 4±». :1 J (S) 
^LsJil Jjjui :4 J>ud) jA eif! JjiluukJI (>jll :3 J>ul11 .^j-VI jVj^L :2 
cA£j*i i> jc. Merlin <Uiui! jj ^jlliSI o Cmla^ : ji^aS] S2ul 

.1999-1997 SjW-V- 

i ^^Icl 1 <i i nl ^"-^J 'C5^) ^-ij^-^ AjjSiJl 4£jjoi (Jj^jjU !_ya^)kl 
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(jiajlLa JaV' t^G- tgJ (jl Ji ' jyiu oAatl LljlaJ !/lajji i^llLoJ Igjl to oil a£1aa1I 
j' CS^S t£iu£ •i m $J^i\ JJjLt-all j-a I .lift jl iAjjJjjJI i-JjLalll <la.J-a ^ 

i_J£ jl (J jail (j;i<aLa-all 4 U.J ji 5 3 j i ^. ^ 4£joill JLoc.1 t ,-ij] s jj^j tilSl<j 4£jji]| 

jx f- j^- ■ j 4_uLiaj£JI i 111 a Iia ■ a ait L_SJjju .la. ^Jl ^ii t5ijL^ JjLic 

jc. <L)ll£] sljJaJI j-a 4_ia.jLa. <fc jxa a ^Icliul ■ ■ iliaJj 4_lLa*JI oAA 

La jl ^^Ic IjSSjI a^jjj < J a all ,j *-' J )f^ j 1 ^] 4j3 U_?^J^! 'A^Jj^I 
i . ia-jj ' IlB jAlioila-all jj i <aa ' ■ '-^J La£ (f.ljdaJI jjjiij I.1& L_Sjju) (Jji*-a 
.l^llll ' -La j j 4 j jjxulia (j^alajil ja^ju Ajj jjlS (jgl jjt ^^C- A£ jjill «. I jA« £j jj (jl 
^JL^a-a AjLaaJ jA lift J£ . Ia^A j c^gj^aLall ^ JliiaJ ClslilLa-al a£jl£jjl aAe (jx 

. (jjlill <Lal& 

<S±ia-aj oAlAC. a g ■ "I _jjuil lilLiA a g j a j2 _jA i^IjSjjjj a jaiJ jjlj '(_5^-° 
V Jl jxuVI Aaj (J Jjauoilll jlj .(2.13 Jj^?JI) L$J3 j' U^! 

iajl jjJa lg-ix J£] jV lillij J^.VI (jjljjaiVI j-a ^ 4A\jjoi1I (Jjajaij t5 -i*J 

Ajlilil (Jill jLajluL/ll (jljjaiVI oAA A . ill <i-> jl (j-a ^C-^>JI ( _ S ^ C -J -^L^ 3 a alia a jjjLuiJ j 
.4-a^-a nj lilLiA jl ' °» i j (.SjSJ AjjJaJI 

AjjjaJI (AjLSjJi ( ->nVi 6.4.13 

Valuing biotechnology companies 

Cliil . j-a ■ ill £JJ (jj^la jc (j^aLaJI j aLtll (Jjjxlll (_pL 

jl£ |j| ?,iLa^ 

jl %5 (_g jloLi'-a j^L-all li& jl lJ^- 2 'A^ l ?- (Itti^La 4 liljUacV AnAuia La J — ui 

jjjL 80 cs <^"^ l^j W 2 j '<£jjill "Laja LS 1& liSJj Aai«j ?.4~<j.* j^ %95 

.Ida. a^-a Ja i alt (J£juJLj iilj£j^o ~Jj' a " jli ^Jc- J •4^-^?' jj^-° 4.2 jl 
^jLi. jA La <-a43 AjSjS jj ■ al 3J jj 

; jl , alaJ ;j 

(_pa*J jl jliaVI (_>a*J 'ALa] .AjjoiIj a£joj aJjal! oJAa-a Aijjia Aa. jj V 

iCllla.j!ila V j t jL-a (iilAS (JjjJ j£J j tjjjjllll a» J jl t^ljla.VI Clllf.ljJ 
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llllfra j <SLut« 4jJLaia.VI oi& jjj iljjLaJ jl U-alc (JjVI (il^jjla Jjois] 

liSjjSI Luax A^jAj (jjjLoia.VI «J jjjiJuji -JJ°*'^ jli 4-llc-j . J»j 

40 ^jj^ 4 — 3 sjhiil JjjjjJI J 'i-laJjla A^jjill jj£j La-lic • 

(j^i I ^"'"J 9 ^y-^ ^ "'^ «J i°ajji.YI jjj^"'^ (Ja.1 j^s J jjaiLaj LaAijjaiA 
IgJtli aij ■ a jll (_^ajs]lj Jlgjll 1^2 Jl Jj-aJ La-ljc 4£^ii]l 4-ajal 1 111 ma 

jl 4 JLjJ jj (jjjL 550 j a£jJJ! (X-ij jA lila^A ^aa .lilliiia. 

AjjV^Jj-^a 1 (j •*,.'.'"' 1 " J^l 'Ai-^-^ AjjJVI j-a Aluiiuj ^ii ad (jl 

. lillj Jl (Jj^-ajll I ^ -vl'-v". .. sjjil] I^Iia^jj Lul^j LoBj liA .^jU.j,,, 

AjUJI Jfc gjjljll jsli j tt_S^5l J y^a jll AjLaJaL IaA MJ^' ^ 

"(jal" jl aJJ i al J (Jlj^sYI (JJiii jLailivJ-J iiljl£^Aj jl£ (_jill £3j2a1I 

.ASjjjoII _jA gjljll jjfLluij tAjiaJI ajjsll (JjiSJ JJC 

Aila-aJ! ^ mVt J^C ^ IfriajS jli lil&jji C±jl£ lij • 

jl (j^aj .l^j qAA\ ^ill jsjJLj Lij^^^a (Outstanding) 

Ja _alA> J ^.li-a jl-iSS J] lift 

^jaus Jj i "VI (JjjJJ -^J^A jj L^y-a^-V' U^"^ J -4 ^ Jj^ J ' . 

,4jjx-a Acljj^a <Al3 j-a jJJ^-J 

Who needs management? ?Sjb) £U*j <|i3i ^> 5.13 

La3 .(J^aill liA JDU. Cjl^a oJC. SjbVI 4-aK CjJjj 

?sjli)U iaJI lift Ji\ (jj^ajluiJ 

4j1c. La<a _jA a£jjoJI ^ ^^ill CLiljLa«j) <xlajJa jj jlui* (jj 

50 — 30 Jj j-ajj jl f.) jjjiajj ' at uSljSI ^JJJ ^/'^ j A£- J-a^-a J 

J (j^aioj 100 j-a JJ^I Jj jaJJ jl J a^ot l (jxij 4 1 j^i 
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(jc. Lajlj t<3.1*-a]l (j}J^>la ^^-Ic- I^A ClljAi. (j£-aJ V '■— * ill I g i <a*jj 4iDl& 

,1,1a, 4_k*ala. 1—sI.IaI ^gJc- Jj£j!il! iillj£ .l_lijjjll j a-Uajilll (JJjla 

(j-a Ja^ (j^ .iaLiill ^^Jc (_>uJj ^la-ill i _ s Jc A£jjoJI (Ji_a-aJ 

(j£-aJ La (Jj^ d 1» ■ alt Cjljljill ^ijJ Ql ■ ■ taJ La l.la.1 jjli (J-a*J V ' ila ill ia_alai. 
<_jj^a3 t^g j' aslt 1 jJ3ij \'j tdlljljsll oAA ^jfli <~i (j-aj i4j£juuill o^A (jLuaJ aIaC 

(Aa ill JaaJ lillj (J jjliliall *Lakll 

g-aljjj (Jjitjuij j ^jJajii (jj^^>*^ (J^l — ^-3j^-a Sjl.ll I^IA 

(jl (^ji.1 LLiaJj c Jj.lll I^IA l_W*^ lift p.LaixJJ (j£^aJj .SAlawa L_sI.1aI-J t _ s -alc. 

!1a fj-a (jj .Ljj_jl.lt _j^ajxl L-aAi Ajijiill ^jli. (j<a _j uj -I laHuii J l_jLjj 
<lLti Sjljj JSJ&i ^Jjl) Cll£jjoill jjjj iA£jjoi {Qua* iajxi jA L-b alall 

<JI_&^VI j-a ljj!i£j ^L_aia LSj 4j>JjoJI iaLi _jlja.VI J fl» j (e^J • (_Lisj La Ullfr 
_j-a £■ j^Ji SjIjI (jc- jjj " alt ' " '"V ■ ■ U-i jA iljAj .(Jjujall jvlcl (_J^ 

.ajj|j-al _jl.lsal JJj£ (J alia I lilljA liA jjjAjj cAjijjaill ijjJji 

^^Ic. jjj_aatla ajj^ 1 g .'^ la " -^^<~- Sjl-lVI (_pajaj jl LiLia.1 sLalsJI 



sjAj ale ^^Ic. Sjia-luilt jljail (jj^^xjoU a^JxaU lillj (ji j iAj-aJ^l£VI 

: i_jL>«I 4jMiil <L3Lu 
jjSj »3 A£jjil| (jjtiujlj (_Jja3 — t _ s -lc » jUj, „\l jjj^aij ^ • 

jl j_aiaJ (j-a (ilLiA ^lj .Ajlc 'o^iaJxull ^Jdl p. ( _ s joi jfil (illiA 

.(_Lutll j' frLalatll a laliuiJ 

4jolr. Ja jJaa 'oJc. ^a^Lill 4£jjoi1! (jj^JJ (jl ■ . la>J ala j (jjul 4jJ • 

(j_jalj^all (_>»ylj ' (jj-aALji-a a^ij .o!>lc.l Cla i !aj L-lLlmV tAjjajj 
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(J-a*j qI LjJ AjjI IaI o^)Jt > fi a£jjoi a jH-' 1 >ia,lj uil j^- 0 ^ V • 

(jjjjj ilILlA jjf^J (jl ' . laJ .^Lajll Lj-L-a jj ^liAjl j 4jj^aj Ailiaj 

.4jj_jjIa£a j 

Where is management? ?S jbVI (ji 1.5.13 

^Ijjl i ilia a ^gJj AaAaj lilili .4 it . ,-i 4-a^-a «UjoiUx ojIa] ^L^jJ jl 

i^ililill JJ-^I CjIaLj tLllaeJl ajbVI (jjj -<^JJ^ 4ilia-a]| JaJjJI (jAlll 
tp.j.jjj (JS (J-aC ,j Lc-ljj IjAIS jjfLl jl l_Laj iaS3 jjila_&xi ojjoixj AAajLi 4£jjail 

j£a La J£ JjaJ ' aJa _axi 400 till j A£j*i jjA* Lai tilAaJ 

jj£ia t Ajlj^uixil j jjjliji] ^Uaj ^gJc j^JJ LajjJ 1 tala a ^1 LujSJ o!)L&l 
4£jjjj]l LaK j j;"'-^ all ^ f.Lal*]l jJJj AjjJ (J i ajj tdll iilla oAc (j^s 

.^jjiLuI jj-a ^)j£l IaAc (_LiJiJ j (AjKjA (_Lia2lj La. J^aj JJ^I LjJ9 SjIaVI dla^ol 

Ala.^ lAa. Ala. (JS.uij IjjIaI jjAll (jjLlI ^^Ic tA^jjjil! jj Ait 

<la.j-a]l (_pla. Lpljjl ,j Ajlcli jaSI jjjjfLi ^jij J a ail I ja i (jl La 

^^A A£jji]l (jjlu'uj jjAll (j^aLaj^VI (^3 Aj.i.uLuiVI till jlg-a]l AaJ (jl j .AlaiU! 
4_alaia (Jjixail j»4vLa ^>a.l aa dlljlg-aJ ^jljlg-a (JIajIuiI i -la-j ^La a 

.LajJaj 

ajjliiaJI j oAAstlaJI t"ll <ig ts\\ oA& $.IaI ^^Ic jAla]l fj aa utll ALajl jj 
(ilijAS ^glc A±a_&ll (JJaII jli La£ An^a AjjoiLl 4£jjoi (Jjt.i.Tu 

.ILLu (_LutSI Ia^j dLaa as tlijLi diAi ^aII (JjLuJI ijlla - JaxJI Ia^j ^Lall 

<L1£]| AjIjJjoia]! lilLu (LpV jl) 4iV tillAj t^L^La. AjaAI jA ^Ailill JJAaIIj 
AjjjaJI 4jLlill CjI£jjoJ 1 jjj f.ljA-a]l .^LaAj (_Li*J a£jjoJI cJ*-?-i 

j^lj' allmt ^1*JI '^}^■JJ J SjIaVI ^ j^J^fa. jj£jj t'aAA«J-a dlLflla (jxs c4joiLl]l 

j] .jjASI lAA i_lai] ^Ia^J ^1 ^ A^Jjill <Jjl-iVI A%JI <-jjla-aj 4a.laJ 
(^^..^....^1 QJ V La£ .jjAll lAA Jlal oAl& ^ILtll J&Jj V ^ajAl£VI CAaJI 
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La£ .(4 mVn JaxJI f.\Aj a jL (fliUS (jjul La j ^ .* ^ajj ^ilU) <ilta] (^jtaVI 

jiiui^Lall ^Ic. (Jjj^aaJI (jjj^la (jc Jai2 AjjtLall (_£jLaall (_Lixllj ojliJI jl 

AjjJi. Ajjaj 4£jjil (CEO) 4-a^-all dlljLui»VI (j^ajiJj (j£-aJ • 

aI^a s^IjS ^IS-aL Ja -(The nature test) Nature <l^a jUU - • 
a£ jjill (J ^LuVI di?. ^-a li& ^-ijjijk ^° f^j -Sh^I Nature 

t<la all si* oeljll (^1131 t>«j3l ^ (jj^J V LaJj) . JjaJ ^1*11 j-A ^ISUll 

.(c5ja.l 3Kiii«i s^A (jl V] 
jjjc-l j uAjSjj) uj t j^"""J cJa -(The light bulb test) ^ U^J I jLikl • 

e.jjji (^1 (J- 4 *! jjjArJli.na ^_j| (_}a t^l j.X'il |jj ~\ u jjjlij (I ■ <aj) 

^ Sj^all <S J (^1 .(The cat - herder test) JaJaill ^clj jU=J • 

t — (_ji^l _aA La oJjjJ La (jl . (jjflliiwall f.Lal*ll (j/i JAi-a 

. j»A 4jjJjjJ La-a ^^alxJI 

^flauj <-iAij J ^.NjSTitl jj^ail (j£aj Ja .(The deal test) aIL^II jLui.1 • 

(jl jl I frSLuSj (j-a Ailla 4_La£ (JjLia (Jlj-aVI ' ; UaJ CllliAj a 

SjJ u iaS Lg_i _aSJ iiiliS & (_Jj_a-ouil 4_iLaaJ 1^. 4 ti£ <\ 1 'il aa. *W oi& J!La 

3-aLi 5Jjj oliijl /cLi2Sll jjaaII (jS-aj Ja .(The suit test) 31ij1I jLfiaJ • 

.4j.ll <j A-Lval -g"'^ ajlml (jl J < - j ^ 7- Jl 4jLl (jjj aJJ ■ a all ^LSI LiJ 1 njj 

Jc jjjL«-all siA tjiVi'n 
(jjiaj <luiL j^gjj^aJI oLiaJI a!c |»Lujl s.Luijj (jli a jj» 1 oil 

tii jjjll L-iLa-k^l I ■ '-"j j (jl jl » <ual j^l ^ ■ aaj| 

ij^a LjiL^a jl jj£j i_iuUi jll (> iLla jV t DNA J** La 

■ 1 ^ \°\ <bLLall ' L oJ JiLco I^A 
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AjjiLill /-*V"»<j,t, 4(J££ A^jjill jjj^ oi'^ >j ^ ** '"'^ c?^" °j-^ c ' 

CjIjIjVI s^a jjs jj *jj .^IjiVI sj^jj <j1UJI ajl-sVI j« L^ Ji£l tUljl.il Jl 

jjAaII 4 Sautl jj jl 4A£jjjo1] <Lacl.}]l 4 ' Jaxil 4£jiill (Jila 44£jii]l ^ J-a. j-° ojlt 

jj£I Cil jl.il Jl a^\^A\ Cotajl cjj_jlaj UK j .Ail ja Cia j J ^iiaiill 

.Sjl^a j AjLo*£ ajl.lYL LaLaJAl ji^lj taLtllj LaLuAl (JSI jj£jj tL^aj aaJ 
V a£jj IjjAjil c-VjA Jla Jj 4j>La. t*]L\A jl pLalxll <^J-^ ' ■ 

-Isj] La jj lalij ■ il3 .12 a£J jAj Lajl j t» _ '■> . "il j;"''- ail J liljLla (J*-aJ jjA^iluiJ 

.('imffl jii jl 
(General management ^UJI sJjVI ^ 11a L^L 

j* aj^xJI lilLiAj .(JjlosII Iaa J UjjiaUj V i_a jjui jll tl^liifkjj theory) 
Cil£ jJJI 

.aiaJI Jc aAaja-ail *j;» i all 

Directors and others jjj^'j f 2.5.13 

AjjA lilliA (jj^J (jl 1 . '^J jjjLllI 1 ; ' ■ aa J 
La Jaa. SJifiL. jjji La£ iJaJjJalLl _&A jAill eVjA 

Clll£jji J "LilLall £jUafl]l (jaau jl Laic. tAj aLjSl! 4£jjill ^Ij-Ia] j^-aJ j^-aJ 
(j^laal a^aJL-al al *« a at laaj "I I j&Loil «.l jJlo illLa uj ij;!^ 
(J^Li. j-a tilli j 44£jiil] 4 la^aala 4-aJ3 f.1 jiall ' 8j ■ <aj jl ' ; laJ 

jj£j V jl (— La^J La£ .,_£jLaj]l «.l£illj ~ ■ -»'"' j ojfaJI j jJja.VI £-a ClVL-ajVI 
~ 1 aij V L-lli ail I^J j 4(_5Jjiiill JJ^-all La J£] ^^-a&VI (jj v aoil jA aA JjJ 

LlLajoilj LjL-ia-a jli .Ajaiaj jjAaII _aA Ajjlj^l ll (_>^J jj-^J j' 

ajal allc (_g jluin Jc. L^J3 j-a*ll jc ■ - la JJ Lallc jl tLa <£^)*1 L^J-oJ J ' ' K 
al Ajjjl] ^ A%ll siA CljlS Ijj Laj3 I j3j»JJ ^£1 ^Jjl-iVI 3 ' ^ II Jj jljlajjyai 

. ^}AJjj ^^£1 4£jjill s^cLuui Jc. (JaiiLl (_LiaJ Lpl 
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[Scientific Advisory Borad (SAB)] aj-Ic. 
Jl I^js a£jJJI ^tiaj jSI 2y,frt| jjJl ^ jjiJI 5 AjjbYl ^y^j v ^\:°"^ 

Jl Cjlc.jjjall AjIjj J a£jjj ^llaj tJllLall (Jjjjoi J*-3 .A£jji]lj AiDle Cjlj 

cLjatl jjj (> Jlj (Agrochemical export) ^c! jj - JV 0 ^ 
Patents and biotechnology 4^11^ j £l jiiVI \ jj 6.13 

.Aija-aJI Jc aAaSjt^ttll e j jj ■ all CjI£jjoi1] 1.1a. A_a^-a ^ljji.VI Clllf.ljJ (jj 
ja.1 j aa (_^l jli 4^-Jjia.l osljJ Jc- Aj" (J' f^J £^JP^ Jj dlL-ajJ Ijjj 

jj^i JjA*JI jli a jjt i A£jjuj Jj AjjuiiSljj .aAllaj J I ja. jjfLua AJjmlla JjIjaJj 
j)^> jjSLjjj I^-JJ "ilS "Lail^S! lillj j-a JJJ^J JjSI Jjl _a-a ^1 jSjJJ jJjai2l±A]l 

cj| jbyij 

4 [Intellectual property (IP)] ajj&II >%<>\« AjttaJ ju^Vu Aijja-JI 

.^lj!ia.VI dlleljj ^Js A-a?.!}La 1&jj£Ij A-a£/La Aajjjla jljxul 4 Saj at j; 

(JjUai S lalLaJI A^la-aSI J jla.1 o«-l JJ Jc- (J j - aail AaLaC (jj 

Ail l_Sj*J j "> o^C-Lui-aj <_sljjuiljj — ^SlxJI J& < ' 1 jj asSI Ia& 

tllUI jj ejjb Jl t^l JjAVI li-alj (^-o) jl - ^1 CjUIjj jjjli j 

Sf.ljJ jl j/i jSIjJIj SjjI^II lilli j-o jj. ^.-^"i^ (j^alijoil j»_43J l&Aic. .^ljii.VI 

:aJIjJI 4j!1jJI jjjU-all A^^lall ^IjikVI 

I g ■ : " IJ la SI cg ia. jl 4I4J aLlSSI Ja.V (JfuU J {Si .(Novelty) Aj^IjjII • 

(jiSI jJaJI jl ( _ ? j*J La-a .La Sjjli l^S jj£j jl .(Utility) AjtilaSt • 

^ j"''' aj A°lXc 4} jj^J jl ' ■ '-^J Lajb tlij^a. Lii^ Ajj^S iaa (JjuI AjiiiiiSI 
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L (jaa uil ^jLoj c_aj£ j1 m^tJ .(Enablement) • 

Ajlaadl <jl Lalt .pljiiVt SfrljJ £tiaJ U^C cjJjU-all si* <^UU jtja.| Ijj 

tAjjjaJ! AjjSSlI JiLa Jaa. ^1 VLa ' alSS j 4iL_&la Ilia j Jj^jtiuij 

.£-ljli.YI _&A La (Jja. . (a£la-all ^ 1 g * (_£^^j) CllLuilaj lilliia 

.^IcJ^U CjLaKlb (JjSjll L-Lua jll jA pt jlkVI o^ljJ «g all * 

liljl&i Ijli .pJjji,VI SeljJ 4jjLas. JjjJ ^g^l La kj i aj i 

A jS a all dillnialll ^j-o Ji^c- ^^ic- p^lji^l o«il i _ s Jc. Jjj^aiJL) lLai3 tLalc 
.t^a. 5-a^-a LlA CllLaKll <L)Lj£ <3Jjia (jli AjIc- j .iasa od^lj (_ic. (_>uJ j tiilij^al 
(jjj tjjJ^JI jl (DNA) II (j-a (_LjjoiI j ad i_yaM^l\ ^llaj ai t!>l!La3 

UjL .IjSAj 2-methybutan-l-ol ^> ^1 oIa j tjjp^ <> ^c-t Aiija. 
2 - methylbutan - l-ol *J.iaaJ ^la .Iaj^?. jjlj V 

iilc-ljia.1 t '« i r-i j <2J (j-a _oA jjjj pJjii.VI «eljJ ^ ^JJ^ Qj^j ' " 

^Ljjll ^ jIIaII (jj^J ^3 ijjjliJI Ai^J <SLi. ^^ia — ^Ljjll ^ j'l'ull (_>-ajj-aij 

.o!)lc.| jJjLt<a]l ^-a (_3^ljJJ ^^ill iajJjoJLlj 

i4jLa*ll o^A ^ lii. liia-a (jj^J (jl ^?-ll p^lji^VI dlUI^J Jj^jl (j^J 

Ajjilaa a^J to! i a a (jli ^UlLij 

(CjLjju^I ^laiS) >UJ1 jjjfr r^laxLutfl 7.13 
Conclusion: jumping the fence 

e^kc\ a I iL ^-j La J£ lJ*^ "^J^)^ 3 >^Wt» cs - ^" 'O - ^ ^ U ''' S^-ia. a£jjoi 
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Ajuuij 4ija-aJI ^\ ^tiaJ 4ij^>la]| ^lajl (jj ^^Jc. (J-axJ (jlj tCLlj^aJl !iLlla 

ojLajj ;j£-aJj j!i£VI _J^2 ■ i-Afrll (.3/°^"' (jift (_l-a*]l Lai ' ' "'V^ i ajVtj o^liJI 

£_u-aj V CjLaK CjX j] .(JuSt do It) Jaiia e^ill Jlac.) <_A CjLaK C^li 
^La_jV <LaC ,_)iujj3-ail uill ^^Ic. ' ■ lag La l _ s lc Lij^J ^3 lil ,j !/L^a3 

(jjSjj.uittll (j^lill Ajujia ^g-lc dsl j-a o^c p J ^JJ^ Ajjaj o jl^J 

oJjAaJI JJJ^ (J£.ijijj J' iaa^l (j-aJ)JI ^^JLaJI (j-a^ (jl 

(j5_afuixs jjc. tllSj La£ a jj» i ajl iili£jjoi AjjjJ (jj-^Jri d-sLaj^^-J 

(j-a js^-ill sjjojj (_5jlaa]l (Jjuiall illVla> (j-a ^C.^)11jj .0L12JI ^J^- (ji <^-^' J^*-^' 
1 jfL al jJ 11 LjLaJ Vla-a IgjjfL valuiLm 4-JjJaJI Ajlsjll Ac! 1 1 (jli tjjAill <Lal& 
(jl ^llxil 4j«jIj Alij Igjj .^jlall .laaJI J!)Li. 'ji.1 (_5jLaJ Jl^-a (_jl JiLa tljilaj 
. JaxJI 4jtia J^^J " ; ^jr H AjJUII SlalLall Ajjl£a]j Ija II Cliia. 

Further reading ^-^j IJ& 8.13 

Southon, M. and C. West. The Beermat Entrepreneur: Turn your 
Good Idea into a Great Business . Harlow: Pearson Education, 2002. 

Robbins, C. From Alchemy to IPO: The Business of Biotechnology. 
New York: Perseus Publishing, 2001. 

Ernst and Young. Beyond Borders: A Global Perspective, 2004 
Biotechnology Report. New York: Ernst and Young, 2004. 

Useful Websites 

Association of the British Pharmaceutical Industry (ABPI), 
<http://www.abpi.org.uk>. 

Bioindustry Association, <http://www.bioindustry.org/index.shtml> 

British Venture Capital Association, <http://www.bvca.co.uk>. 

The Pharmaceutical Research and Manufacturers of America 
(PhRMA), <http://www.phrma.org>. 



546 



Amino Acids 

L. Eggeling 

Research Centre Jiilich, Germany USUl! cgJja. >« 

W. Pfefferle cJjM joLj 

and j 

Degussa AG, Germany LuUIl t^J Iujj*jJ 

and j 

H. Sahm ^Luj — ft 

Research Ceutre jiilich, Germany LuUJi '<j*Aa* >* 



Introduction <U.jjL»Ii 1.14 

jl£ la-lic 1908 fit (jbUll <J AjiLaVl L^aLaa.Vl jrllSj 4^aij Cjl.ll 

jaJI 4jjixJ cAjjia (jic (Dr. K. Ikeda) I^jSJ .JUdjSLM 

J!Lo LllLiiic. i-il j. aaJLuiaJ* (j^aLiJ! -» Sail (jj .(Kelp) «.lj-ajjJI 

4juLi j ajjc. 4-a*JaVl ^ i(Katsuobushi) ^ jj^IS j t(Kombu) jf*j£ 

jaull 4jji»J Ajjiall j ^jJaaaJI Jlajll AjLoC. Axj .(1.14 JSJoil) jJjjljLlll <_sjJ 

(j^a^. (> (JjSjj IjJjc (Jill elja.Sn .iJ jl l-ijiij jj^-i t-iSSI '(Kelp) 

JJ£1L IjJ^a. j lijjJ LaaJa JjiaJ <jill t(Glutamic add) fclLtlj jlaJI 
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J iklujl S^lia Jlaj t*Ui .(Caustic soda) a^j^II b j»^U ajI^U-o 
(Monosodium glutamate) ^jj-jj^JI CjUtjjliJI 
si-all oIa jrlSib Ajinomoto Co.Ltd CjI^j 'ij^j Sjjsj cdli a*j 
cjliii jjJI j> UJ jc c^jjia u& bjUj (Monosodium glutamate-MSG) 

d laia SI jl Ujj-all llll Ipj Jj <J!Lo AjjUill 




^ jf!ai US Kombu S j>-a Ji»j ^Aj jc.jc.j13I jl ^| jcjjjjyi 1.14 Jlill 
.IjAjJ jjjSaII ^(Ajinomoto) IjjSj) .jjjSjJI A^jM 

U£ (AjJIc <jLaaJI a^A JDLa. jSLull ■"tN.Uati 4^ J) jSjjj lift 

^Xal jV ALia dj1 a\ laJLJ li jl£ D,L-glutamate SjUI ^jUajSlI jjliall jl 
.^Jall (jjSj (D-isomer) ts jU>l»JI jj^I ^ ? jjjj^l 



juJI) 4ial£ j (Logogram) ^1 je-je- _>SJI j (Ideogram) ^ jc. jjjjV' 
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JLui ^if Cotynebacterium glutamicum — ! AjjjjjiJI S jj^a 2.14 Jiwlt 

<_Jj3 _^a A m « LjjIIj (Jj 4 - MSG ^^ijj ^ jW-^ J' 33 

'Kyowa Hakko Kogyo ^ Dr. S. Kinoshita j Dr S.Udaka £y» J£ 

(_PaLai.SU ajjlall Ajjfr* all <Lsjij jlj-vUI jljlA a\S .1957 *lc 

^XaVl J-a J-aj -k^ j AjJ-ill NO. 534 4_a3jJI Ajjxll jl Uj&SIj tAjiLa^l 

jaau L-Glutamate Jljs) _j L»$] ^-jI j L-Glutamate jjij a^jjiJI 
ja ^j^ll jjl-iJI li* jjc. (By o ten) (jijjjLJI uj^j L»_u& 

Ai^__] A^^a LjjjSj <_jA j .(2.14 JiiB) Corynebacterium glutamicum 

J!La (_Sji-V! (_yuLva.VI £-a J!LaJ •AJJ-JI (j-a Lj-ljc (j^! 'f'j^ 

SjjUJI At^aa-JI Arthrobacter J propionibacterium iSterptomyces 
^L>jJI jj -f'j^ Ai^_a <ja. j-a Actinomy 'ectes —11 a& j^a 

J Ikluilj <_ r ij-aVI (_>a-a_JI Ajj3 4*3.1 j3 j LjJ&ill o^A MSG ^tjjj 
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.E.coli Ljjj^j Ji* lSj^ kJ&t jj' ^l^aajailj tSJlj C . glutamicum 
1970 ^ (Nucleotide) Cjl-iijjjlSjjiil ^tuj j^kj ttilJjS 
LjaSjfl jal^ia jijj j) -C. glutamicum o- 0 Ajjjiill C.ammoniagenes 

(-JIjIUj .oj_jia!La ^aij oJ>£-^l £ _ g JJ 4 -s 1.1a. jl ^tiiVI AjLaC. j_jlaJj t4_^ixa]| 

AolwVI o^ 1 -"^ <ijUafl flJilytft 2.14 
Commercial use of amino acids 

^liaj JliLall Jif" 1 (ji* 3 .<alia-9 (jJaljC-V AjlLttVI (_paLa^VI - SaHuU 

Glycine ^jj L-Glutamate ajjI^I acU^I 

^L^Vl £^ A^V^Jl SlcliL-JI U .(1.14 Jj^aJI) jjlna«tt 

J iA^jLJi) <jiLaSfl <j^aL»a.Vl q^xL^j c(Infusions) u^J' <J 

(Jjjj tSlljA jjjoJj i\jpJi (Dietary) AiaaJI <jic.l ,J l^llaj 

l_ai*3l jl lillj ^3 (_UjoJI ^J^J tlAaLSalS l _yaLa^i\ J ^aljuiV 

Ijja^II Jj3 ' ale. (_J!La 1^ j-aill i^gjljJ^JI 
4-jibaVl (_paLa^.Vlj 'j^ 3 UJ-^i ' JJ ^ 

jjjoLpUtj (Met) (jjjjjUuoll Jla cAjjjLuVI 
(3.14) J^^ilLj ^a>a li* .(Lys) 




<aM Jiu J^jjfl 3.14 Jlilt 

(Jj-a^ill ^l^ijjai! J^Jj J_^a-a Ujt all 
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t aUI (j-a .la.1 jll (jiail jjij Jjlifall (>a -laSS 10 AiLiaj jj .L_a]*]l kAxl ojbjl 

i oJjia^ttll Ajjj «VI (_paLa^VI (Jjl (j) •'^"'"H ^-f^J f*^ 56 jl ^ Jj - all <Jj3 

.(Thr) J L-Thrionine ^ (>j L-Lysine yi 5^ tmethionine 

(_£jja_J ' ale -I laluil (jl 4-aC.JLall L_£le.VI ^ t5^^l <Lag-aJI 4-ia.Ull 

4jj| jja. Cj^JaS Ala ^J""^ (j^aLaa.V (j-a j!La CjU jS-a i _ s Jc 

jma cl\ L_sl*JI ^ Jja.j-ajl (jjajjiill jj-a l^lj-a (jV liSJjj) (Jsl ^'"^ Jj"''' ^ j"'*^ « 
4a.ta.lt Cj.ll.Sjl Aai j .^^Inll CjjSjSI (j-a Jlaj La-a (jjl jJaJI (Jj3 (j-a 4 al laliuil aJJ i a 
(JjT l_Sjj*-a]l ^ .Ajj^aLall 4jMj]I j jiaJI J!Aa. SjJjS a-iljj AjitaSfl <_>bLaa.Vl 

j-aij AjifaVI (_paLaa.VI (Jj^ 



3x 1(P 
2x10 s 
1 x 10 6 




%10 — 5 4-lulij CjLdJj 

jjuic (_£}la. Ly_>aj L_acLiaj 

Jj .(4.14 JLill) iril jiu 
L-Lysine 

■llj jl Jill j .o o^Li j 

j'"" 11 I^J ^^allxll (jjjJI 
jjj^ic. ja 
. jjJjJaLall (jJ^ixJI JDLa. o^a 
L- '(jJJ JJJ^I <Jj-° l3' _>"^ ^J'J"^ (_paLaa.VI j -0 LS^)^ 1 ' ( — '^M-^ 1 

cijja. tL-phenylalanine jjj^l Jj^llj L-aspartate cAjjLJtfl j thrionine 

• Aspartame flLa.ui„ftSI 2^*11 S^La (JjjlaJ ^ j'ji^' ■ aa SI - laJlmJ 
I^A Sjij^Sfl (j^aLaa-VI cs- 4 ^^ ^jlLB CjIjj^SJ ^ia jj (1.14) Jj^aJI j 



1957 1932 1991 1998 2003 
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D,L j L-lysine <ilta ' JjVI <■ L^ajJI JiJi: L-glutamate J jV j 

. jjUjj <i!3i a*j ajIloS/I t>aUa-Vl ajL ^fa jja. t- Methionine 



AjamSH o^Laa-VI OLaS : 1.14 JjisJI 








v / y 
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550000 
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40000 
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16000 


i Jj )LlluI 
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dlj jLlujI — L 


14000 
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13000 








4500 




JlftAJ ' ajl ^ijbUl 
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3500 
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a^ ^IIjujI t u-a^J 




1500 






(jlijijjjj — L 


1200 
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1200 








1000 


lli a ^1 _j-a 






500 
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L-lLuSHj (j£-ajj . (j jjJI 4 jSj al ij i j (_paLaa.Y I jjuoi jjj 4ii5 j <£yLc lillliA 

(_£.ljJ JtilLj 4(jsaa.jl Cjla. jlLa j3 jj jl sc- US J,.'"* - "'^ 
jj£^j (jl £»aj . JJ^I ' ajfl Sill (Jjjaj Lao tjj£l ' " 'I J aS J ^llijVI Jl i j°J i 11 I^Aj 

^-o jJoLw (j^Lii AlLa. J jA <jalc cjliLjal£ tL-Lysine Jla ^j^-Vfi (_^aLaa.YI 

AalaJI J a jjjS CjI jjUj lilSLiA jl V] (L-lysine ji^i) U_y all J ji Aja. j 
jll AjilaVI (_paLaa.VI j) ujj^ala all CjljLlj ^tiil J aS J AaLtla i^^iLaVI (jiaxa 11 
AjJaiajoll jLijjiYI jl La£ .(5.14 (JSjill) Ijxjj (_j*aa.jl jj£j SjjjS CjLj aS J gili 

^lliVI xl^aa £3 jo J.laJ jll 4jjailjJI (Jol jxll (jl j .^llijVI ^ i -"■ £iil J-a .l-laj 

L-Glutamate <tLuY S^yAil ^jU^-alli .Ajk J jjjJ j jjjj^ll 

(JiLa ^ . —aNf I (jjjjill (jjlalia J JJ^I jjSj^J j£lj 'aILiII (JjJaLla I a J _j 

ciiE jl Lajj i alia a ^jjajll jli L-lysine SI Jl 4j..ju1Li Lai . Uaaj j-ii j aS^Jz 

Sjill (jo 'ij3 j ii3L>A jlj tAolLajuill l£jjol J .la. jj (jiaoa il l-l^l A-Lallxll (jjjxull 
AjaAliVI £jL-aol! Cllli Jl ja. j£jjj2 ( jjoaall AjLat J Lj "I lallml j£oJ AjsIc jo£ 

L-lysine —11 cASjJill jj£j iluja CjYLsJ J£ Jj .Allaiall sills J 

4iu-VI (ji.Laa.iU cSjUjII £^1 jl A ajSa ^jJajJ liA j .ojill Ac! ii it ^a 4 kiaj a 
.Ajollxll ClliLa.1 iLall jo JJ^xll £-0 J^-ijJ ' _aojll £JJ»ji 



1 



^10- 



3 

3 
4 



His» 

Ser- * lle 

Ala/ Trp 
Tyr* Le j .Arg ♦ Phe 

♦Cys 

♦ Asp 
Gly ♦ Thr 



1CP 



Lys* 



♦ Met 
♦ Glu 



10' 10* 10 3 10' 10* 



10« 10' 



.qoL Ji\ (Jk jd J oiLaa.^1 :5.14 Jiill 
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Production methods and tools Jjjla 3.14 

(Glycine) (jAuL£>LaJ! Jla LuLLajS ajIloVI (_>^aLaa>YI (_>a*j s-y^Jj 
D,L- — S J (Stereochemical center) jjl^ <i u^i cs^' 
Jajk. (jit t_il*il t-iLiaj ^ill j tcjjjj^il (jit lSj^j ls'^ Methionine 
J^Sj ^iii«j CjU! jjsJI jV (Racemic mixture) <j-^ j 

(jajl Jill 4JLi J-«j ^ill (D-amino acid oxidase) D J^S ^> (_paU2.il! 
.Lplic. Jliill L (jij D-Methionine Jjj^ jit (Transaminare) 

g-jJaxa St (Jla_i]l <Jauil _aJ ' " ^ '""'J^).'^ L>° j-^J- 4 ^' (jja^aJI (Jjxi AjJjSSjII AijJaJI (jj 
(J j.laJI) 'ijJJ^ ' - ll J aS j Jj^jjjJ! 1 j 7- ^ "'**■"' V 6 jtii-a Ajilal (_pal_a_».Y - laJluij Clll _jV 

(Precursor) ^'a^3_j*it i jxll j Jjja^ll jI >a ^^iuui ^j^YI AiLjiail Ul .(1.14 

^lliV *U.uiliail AAjJaJI (jjj til* .^^ajjjVI L_1jSj_]I Ailja jl CjLljjSull £-a (jjLxjllj 
^lliVI AijJaJ sjJJ^ ' " ll J aS ; S <j\U^\l L _J£_i j^ AjIloVI (_><aLa_».YI 

.LijIjj 4 ■ a ^'3 a ^l.la_luilj 

Classical strain development Ljj^I jjj^ jjiall 

Regulatory mechanisms 4 MjfrVill tiUVI 

^LiiLoSn ^U^Vl ^°t jit jia^j (Regulatory mechanisms) 

dAAaC. lafi <all J (jj^ljJ ((j^J^>^ tjji^i) M 4 =» (jj ' "'J^ .' A-pb aSil ojjj^aJ 

(JaJj lg-j-a (Jjla iajja lilli* Lajlj 4-jibaVI (j^aLa-^VI (j-a (_pajli 1 . '„'^ jf*'^ 

^j' 1 ' <aj Jc. ojjli j3l_ala JjJ jj ■ . laj tl^jj .4-ijVl 4 jla 11 4_ikLs«. Jill A^iiJI 
2>jj ail Ijjj^jII d)V^-ui (j-a OJ;!^ JJft (jllLil aJ I'ojJjS dlLLaSj (j;l*-a jjj-ol 
£t-al^)i]l oi& dlLa uj Aai .<L^)*]I j jjilad]! -I J j AjiLaVI (_paLa^.^U 

:<Jtill cjliukiil 



tsjil SjU L$ia JSJu sjL» SjLJI jl Precursor 
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(Undirected mutagenesis) t^l^i*JI • 
tjja-a (Phenotype) l£^> • 

AxJ s^a a^kc) AlijlaW -I ■ jlxj A^iila 4£)Laj JjJaal f.laijl 
(JjiaB 4 1> ill i oil <DLJI J jjL^aaJI AjUJj iSj-« J£ ^ <£>Lall AJ^ljjj SjUjl 

£^l£U ^V'ull c_Sjj]i]| Ap^J CjllLc. ■ .'.'"'.'J .(2.14 Jj.laJ) 4_ajXaJI A-jfel 3 . all 

.13 ClV^-uJI (jli cojjiLall jjajgqll till jlai. 1 ■ Ifuijj Ajl cLalc. . jlla-al! 

CllljiloJI oi& (JJ^J •^-JjC-J-all ejilaJI AiLiaj t(_J^kl Cjljila L-iajl (J-aiJ 

4-iLae <jxs - lajj jl yajl\ jjJj ^^ill o-l}^. JJC- (j-alji. dllj 

. "L^tlall jj^-v'll a_)$^l (J- 0 lW" 'S? 2 HJ ls^ 6, (J J' 33 M 





L-Lysine t> pUadl 
(%) 






0 




Aj 511 


16 


AEC r 


Aj 3445 


33 


AEC r Ala" 


Aj 3424 


39 


AEC'Ala CCL r 


Aj 3796 


43 


AEC'Ala CCL r 
ML r 


Aj 3990 


50 


AECAla" CCL r 
ML r FP S 


Aj 1204 



- L-alanine jUao = Ala" < S-(aminoethyl) - L- Cysteine = AEC r 

j i 5- methyl-L-lysine ^Jj =ML r sa-Chlorocaprolactam ^1 CCL r 

.p-Fluoropyruvate l^U = FP S 
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Genomic techniques cjLjii 

iLui.%51 a K.J jj iaaa ajjc-jJI CiljiLlI <il^j aj jjxj (Wild type) 

1] 4jj$Ji-a]l 3 3J3 1 all J lalml (_gJ».VI ajilaJI till jj) (j-a .(6.14 JSjjjJI 

oil cjlpli^l cjlj ^Vull CjVXJI Aj^il (DNA Microarray) DNA 

■ 111 j^maj glnlui tillijj i j-baaJili t"<lj\flr. ^ Clil£/lia.VI .2.1aj ^^£1 j! tAc^jjoUj 

^ aC.ll La-a AjsLiaj 









i 




| jiUl AS. jAii 




1 






i 






(«J jjC lid jila 



(111 jilall JjJ^u Jauu <|iS yiiuiHSJl gjiifl ;> idli <ej^l j>jj#?Ji 4J jlia 6.14 JiiS 

. jiuJ! j> ^lx!l JblfluiU SjUail AjSiufilSlI 4£luJI ^4 Alaa'lUl £| jilafl ?Luj V£UI 

Intracellular flux analysis esjli Jil^l Jfl^JI JjiaJ 

LaLaJ ' alia a i_ljluil ^A^-M A^liul (J^-^ (j_WJ^ U^M* tjj 

2 aj **a\l ClLliaj]! JJjiaJ ^ \jJ.i». 3^ "^J • ( >jV^-uJI Ji>^ AjLaC 

jjla iCjljilLj .(Isotope labeling technique) aju^1\ jjLkjlb ajklti 
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^ jk JiUI (ji^ll ^La jVl o^aj clip. 13 C-NMR J ^ '.■■!.« jJ jjJait LjLikJI 
(Back typj^l ti^' ' " " lW* - ut^ jSj iaJIc aaij 

<L£a]| c^l&laill Aj^j- 9 ^& La£j C.glutcimicum LjJ&j <J fluxes) 
.uM 11a (ja Jx^al! ^ Jj.^qMlj aIjjU .(Anaplerotic) 

4jj£^all (_pajV 4jUr. ^ Civlc-lai]! ^ lJ^-^J -IcLuij (ji-lll U^M* <jjj 

L-Glutamate ^Ujj&I - L 4.14 

Biochemistry Va*^ fl**^ 1.4.14 

J j5LMaJ! (J^j * j>> LiJ^l c ' ""' j .glutamicum Ljjj^j 

jjjiJI CjIL-u js jLui^i - ia j iAiUalL ^ ■ ajVl jLuiJI ajjjjI (Glycolysis) 
J jikt j AjjjajVI CjI.i1 j-all (jjj^il <4l>1iuJ1 o^ 3 -"" s jj- 2 j (Pentose phosphate) 
.(7.14 Jl^ll) (Pyridine nucleotides) cjIjjjjKj^ 



I 



- , CO, 



PEPC 



A (V * *! ' J j" ' ."" * succinyl 

co ? ^ 

U*>JJ4** j U 



CO, ^|PKrC\^ 



PyrDH 




liji - wit jU^ifr >Li£ 



yina. S jjJj J^sjj C.glutcimicum — J <Uuuj jl! AjJsjVI ^ j 7.14 

j5JUm£jjj£ iPyrC si-ilijjjjJI AtjU iPyrDH dUlj^jlc. -L kLa iljj cSLAA*^ 

.cjlijjjj (Jjjjj^jiuii! JiLiuiSjjji t PEPC sCilijjjJI 
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L- jl LaJ 4 j£lj iAla£-aI! ClL/lc-lidl! (-k ( " lU i Ljj^jII aAA J^-^J 

JUJI jrljjVI cAjlki* 1J1 jli <a-Ketoglutarate j* s jjiUa (jfLSy Glutamate 
jl£ .(Citric acid) ^LjlJI (_>^-aa. ojja! aJIc- 4ja*j ajLIs jijj ja dLAj jliil 
ja (Phosphoenolpyruvate carboxylase-PEPC) ^jjl jl >>Vl jj a&u 

AjijjaJI ijj jl tl ale. .AjLutll sift jjL i JJJ^ f^L>^ cJ- 4 *^ 

A _J^J cll^jgJal C ^ j j^cLxjjjVI Obml jj (JLaatAml £4 (jjjii _&1! JaLiijYljJ 

t «>*^fl Jl ^LajjjVI AjlUill o!a jc. tllaJI (J J\ j . j^I jjliu^ Jtj^ f^jj^ 

.4jt J jy^Ji jjaJI -^-^j '(Pyruvate carboxylase-PyrC) ^JUi jc 
(Pyruvate ^jil Jc- lsj^j C.glutamicum IiJ&j jli <li$jj 
niLj^l' lP 3 ^- ^jj- 2 AcetylCoA Jaij cs^ll dehydrogenase-Pyr DH) 
Pyruvate (Pyre) :L*a j <Oxaloacetate —31 SjLo jl jj-^jjl J^ j 
Jl>ill) (PEPC) Phosphoenoloyruvate carboxylase j carboxylase 

Cll.la.j JjJ^J jLaj^al ji-VI (jl^-a LaA.ia.1 JiU.1 I *g jLajjj^l i^J (7.14 

lit i ilikj lia> jl .(Oaloacetate) » - i/n , nl jll j£ jl Jl jjjjSlI J££ 

t_sliajj 4AjLaxJ! si* j»UuV iaS3 PEPC <»J jjl Jc <_£ ^iaj ^1 E-CoU LjJ&J J 

Pyruvate carboxylase ^jjVl Jc cSj 1 ^ J^ B. subtilis jc L^J 
Ajjj^j i LuaS l^jli (jjxjjjVI ^ Jc c5jiaj C.Glutamicum jl Ujj .iasa 

<2aJ jj L-Glutamate Jl a-Ketoglutarate Jj>*j 4^c 

Sac j* jjjjjVl tiA jj^jj .Glutamate dehudrogenase psijftl 
.jjUlj 49.00 AjjjUiil CjIa^II 

'jpjj^ f*^° J^y^-^- 3 /^J* a <^*° 1-8 (j-^ "'j' ^31*2 ^jjj^Uj 

. ^^io 150 Jl j=>j Ajllt Silii^j AjiiJI J diLoti jlc. -L jjjj 

(J* 10 (j-a JSI sjlt jj^J A^iiJI J^IJ <iaUi£ jl iaJ (JJ^VI Ajj^oVI L^aLai.VI 
4jLaxJ (_J jllaall tllLatj _jlc. — L 11 j^oUaII jj^ajlt j a i aij 4jll*ll 4il!i^ll jl . J_o-o 

(jjjL jc. (Amino groups) ^i^Vl ^U-all jj^j! j 'l5 jl^l Jji^ll 
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%70 <^l j*. o\ .Aiiik-a Ajjk. cj^lij Jlj tTransaminase c£lc.lii 

. CjLoIj jlc. ~ L (j-a St Ajjj "VI £LaLa-aJI (jx 

Production strains CiV^Lui 2.4.14 

(_paxaJI jj^pj L-iaJ i^JjJaJI <L)lsjll ^jlal dlLaljjlc. — L O* 3 ^)*^ 

cS- 2 ^ ^-aLk I^A ' . '^"','J tAjlaJI £■ jU. Jl AjlaJI (J^- 2 (jii-aSI (e-^Vl 

(_JjjjjJa]l (j-°J I^A . (_paj£ia (JSlj 4 Sal i a^j A-lSa SI ^ji^. J] t _ 5 iLaVI (jiaaa SI JJ 1 ■ aJ 
j| ^jotjjjjai < ^jj*^ all CjLaljjic. — L Jl AiLjaVlji VI J ' u aali JSlj .i_aa.j 
— L J},'^"' AjIaC (jl Laic Ajla SI dl j^s 4 i a a 4jla II ^J^ - J) l —^- s J^J iS^)^ * i ' '"■■^ 
£juil j ^J^-J Jl cdSi J (_l±uill 4(Jxl£SL) <La j$ia JJC. Cill jV tlsLalj jlc- 

I Cj^Lalji-all o^A J^sjoU . CjLoIj jlxSI jl^)2j Jl cS-^JJ jSI Ca>Lo1jla]I (j^i 

4iLial (3) t(jjluUjJI 4iLial (2) Oia-a (jijjjLllI (jx c_aja illaJ j-ajll (1) 

^-a SajoiSI jj jjIS AjjaaUJI A j-aSI 5iLiaJ (4) t(Lysozyme) ^1 j>ui£UI 
<_>^aaJ (Auxotrophs) ajjI^c. jaljL ^I^U (5) < (Surfactants) 
jl jiu - J jj"pS->SS 4jjlj& jal _&L ^Ijaauil (6) '(Oleic acid) <4yJjVJ 

jl 4ijJaJ s-LuulSI jl Ajla SI jl^a. ' ClL/Lalx<a]l oAA 

(Phospholipid) jLiujaSI jA.il! t_±£jj jli tilli J& S jaL 
Aijj Lijj Ai^le liSLiA (jli ajIcj t jijjjLlI < . il jr. AlLa. J Ijjj£ j^*-^ 

2jU\l j|^a. -Uajjl ^ • 
if.\ uii'l J dlLl^A-ill ■ . uS j"' • 
■ S-Ljutll J .iaJ jlall (jjajjLaSI JSLlSlj • 
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^jJa jj jAj (8.14) (JSjuJIj ^-iJayn <i\l ^iLaill .la.) 

liljliu Ajli li^jj Acetyl -CoA carboxylase fjj& (Coenzyme) 
.(Fatty acid) ^^-^l p^aaJ I (jjlij ,J ojjiUa sjjj^j 



djj jVl u^aJ C^HA^ 




8.14 

L-glutamate jl jal 

£ jLi glutamate 
J*aL^ <Uxuiljj 4jla It 
(Export jj^-sj 
•carrier) 



!l j^a pLuitJI dlljjia a Jaj Jjjj jjLJI — -— ^ i-SjjJa 

ijy^ ijjjj t^/J^jjLi 17 ^1 32 t> J^Af Phospholipids 

^iA^ll t_±£ji]l IjA ij\ .%45 j ^-fi^l (Oleic acid) tiLAj^ 

Jjjjj .L-glutamate jl jaj jtajj I^jj JaUB <LiaLa 4jiao 4% ja jj ■ alia all 
'(Auxotrophic mutants) Ajjliill CjljiiJI ^ AjLjUl *Lii]| i^jj 

JJJJ jajoill JJ Jjll 4 i a3La]| jIjaII AiLiaJ (jj . JjjjujjlaJI jl lillJjVI (j^aaJ 

lils ^1 ^jjj l^iaLial jjV Actetyl-CoA Carboxylase ^jjit 4#*a LoJ 

i 5_n&jj1 <j^Laa.!>U SjjilaJI AjjSjjJI (jj - ^^atS-ftSI (-/ujjVl Ja*-all IjA JaLajl 

•L-Glutamate jljal ^jj ^tilbj t 4_Jl*i J&l jjlJ JaUll jaaj eLiill 
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jrt3jj ^ dJUi jj^jc c*UUa i(Glutamate dehydrogenase) j\jja.jj^A^ 
(a-ketoglutarate jU^a. jjA^- 2 ^Ijtjjifc lilf jAj L-glutamate 
jrtuj (^k. jjc. tjjjJill oIa J&«j .(7.14 Jiill) dehydrogenase) 

•pjj&l I^a JaLij t> Jlaj IjjSl j (L-glutamate) CjULj jkSI <_> (j^ja 

t 3j la all (jii jjiJI jl l (jjLuiJI jl i laj oil jj jlill ^gjj Ajla SI (j^aj^u (jl 
JaLuij j_g jluLo ^1 (J i ajS jliia.jj.li£J.} dll jljjlc. — lill ^jjj^l JaLij (j^s (J^J 
L_lfuJI l^-lj . jllia.j jAl^JJ CjLoljjlill JaLij Jjlij V (j;}a. tiaS3 %10 (jc- (JSj 
JjjaJ j^j-oJS t(jji3liall jliia.jj.ll£J.} CjIjIj j1e.j2j£ — (X JaLoU (jlaia JJ Liaj! 

fj i>j '(Succinyl-CoA) ^jj&I j^iJI CjI Jjj1&jI£ - a <> o^^' 

•L-glutamate 

Production process 3.4.14 

(L-glutamate) CjUj jlc. -L ujjSj S jS>JI cU' jj 

^gJc-j .PH tglta. jj 11 ^iijllj h_jI.1a1I (jjajoi^VI jj£ jjj t^jjjj-a^n Jy^jJ 
jSaJI JjjaJ A \\ar\ Ajjj^juia (jj^J ^jjj_j^VI (j« 'ojjljSlI dlt-ldSlt (jl j-a ^t^ll 
tSlliS j jxill Uajla jjfLl SjLall oi& jjx ^1*11 jj^joll (jl Vj tdlLalj jlft — L 

AjIaj <Lla ^jjjj-oVI ' a' ■ aj ■ .'.'"'^ . dLotjjlc. — L 

JJ"^'^ (Jvla. Lia.jj.2j <iiLiaj jaLul3 (j-oj ' j-baallH 

^jc. c_ijjla l—laj 4jV lilli j JJaJu Jl diaj ^'.'J* (jjajjj£VI j^JJ U 

(j^aaa ^2>q (_J£ ^£ljllu La£ 'ljJS3 CjLoIjjIc. — L ^Llj] (j J^j ' " UJ^ ' 4jU^ 

-lill j^ljJ ^jJJ jjajuiSVl JJ^JJ S-Ajj (^JJJ jja. <.-*U'i...<,„\l jjixaa-j liLjS^I SI 

(9.14) J^l -cr^j^ (a-Ketoglutarate) CjIjIjj1&j1£ 
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ftrwj'itg 



til! 



.CjUIj j& L- ^Uft <^ i >»2I JSJjI jaka - 9.14 <J£*M 

cjUL-VI ajLc. ^uj (10.14 JLill) 500 m 3 J] _Uj 
i 4iLial tjjjia (j& CiLotj jlc -L jl jij ^^Jt ajJaAuJI ^jj t (Cultivation) 
(Polyoxy ethylene sorhitan J" ^-.kJI jij^l 
t CjLaljjl& - L ;> J j^^o Jj^j -^j aTionopalmitate (Tween 40) 

jj^ttaull (jjj-a (_£jii_lui j . (J-a*Jj-x«JI jj£_jlaJI ^^Ic. \A «dC.| %70 60 

tjc Ll^L-JI <_l^3 ^jj i4i_».!>UI _^aiSI (Downstream) <_s j^-all lU^I CilAac. 
4jj iaijjj it—ilLu (jjjjjl JjU-oj (Resin) ^jjIj J^i. jj^j ^ill cij-^' 

^jjj j^-aJI CjUIj (jjj^il NaOH ^I^-IujU (Elution) ^!>U-1ujVI 

JjL^l s^Ua 'ojjj^j Monosodium glutamate (MSG) 

•; jj, eaj (_)_aliJLj-a]l MSG aj>^ i_Bi .lau (j£-aJ ^aJ ti_l]i£ ^jjjV J-ll^al! 

J (Decolorization) jjlll Jia CjI ^ .s^ka 

.?.|jiiJI <J JUt_i..uVI <1 jjLs ajc jj ^tjjV l»-a (Sieving) aLjxJI j j ■ aSlI 
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Ci\ jo±j> 7 jfJai c)UL}fl <^a CJ jjJ o^ 1 *^ Hakko Kyowa ^iua* 10.14 Jlill 
.L-gulamate ^liW ^uAi« <^a j <240 m 3 Sj^Ij (jj-ajJi ^ 5 jjjS 



L-Lysine c>-uV - L 5.14 

Biochemistry ^ilp^ f Lja^I 1.5.14 

C.glutamicum LjJ&j ^l^kl^lj .Las ^jjj ^ill ^jliill ^^Vl 
(Pyrurate) ^lijj^l Cy oi^i^ J* oju^ ^ uj -<>*#-L 
Jliill) Ajj^>JI etui (Oxaloacetate) cjtkJ jll j£ jVI j 

oi^lj o jlai. (jj < 1 tdlLolj jlc. — L U <!LaJI ^^c-J -(1 1.14 

. Jj_jla jLj-o (jj^Ia (jc (jjlij CB^^i^ ~ L (jli t^gfljlajll jLolaII \ j\«C. J!LqJ -Lis 

(Aspartate) CjU jUJ aJjIc ajjUl Ajii^Vl L yaL^\ <> csja.Vl j&l 

Uaji.j ^iaj t j : LaLi^UI ij^' Ajlar- I^jj ^ill (Kinase) J/'i^ fjjj' 

jjj jjjill j <kJ jj ^jj^^l Jj3 ^> (Feedback-inhibited) 
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C0 2 • ^ijja 



(pyO 



1 

(l.ysC) ^JijU-Sfl 



(Horn) ujjjjA**^ 




4- 

V— — 1 — .1 ^ ll 1 1 



I.- Cw^-Ji^** 



(Succinylasc) ^ 



A. WW jlj* 



^^luuJ - L i-iJjJ 11.14 JluJI 
Jelii C.glutamicum ^ 
_JI jjfaai (Carboxylation) 
Laj) o^jj*-" Oxaloacetate 

(Aspartate semi JjAJ^I (^i-aj 
^1 LUjjVIj aldehyde) 



Jlii ^jjl <J\ JUJ! U£j t (Aspartate kinase) jlyS CjIjjLJ 

I^A (jj-^J .sAiAjuII a jjoJu all diaJj 4jJl*i (jli tjjjla jLoui AjIaj 

(jjjlA SjSj (^liill J' as\\ Aj*^.j 'ijLaij (jLllaxJ <ULaJI oi& ^ La^jj 

.ajIloVI L^aU^U Aspartate jiixjtill j/y-'/'jN jik. ajVt j^i-all 

^jijjjjlj (jJJ^ j (j-o ' afcj _j^3 '(12.14 (J£jaJI) J^-° ' . 'J 1 ^ j"' jj',.'^^ ^jJpVj 

iUiLol L -^ ft a. 421 t> U^ia J£ uj^ (Two a Sub - units) a 

(jl ^ j ^fl] j . Llij-ol Lja^aa 171 Lag-La J£ c_ slljj p ^ _jj ^Jj-o (jjil_ajlj (jJJ^ jj 
Ajjjxjfl (j^aLa^V ^jljill !yliiLax> (jj^J P Aj_jjl!j]l oAsljII 4jibaVI (_paLa2^l 
(jj .(X Aj_ajl!i]l a .1st. (J^ 1 ^ Jj_£^ " Ar ~ J"? " (J-* 2 "^ L5^' i— a^jiall ^ oJjavj-all 
tP jiu^aVl Ajjjliill (LysCp) uJaJl <j' <ILaJI «^ cs^j^' l^ 1 -" 1 ^' 
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(Promoters) CjI jaU. jsl jh . jjSVI AjjjUill a'^j t> *■ j*> 

is *jiA\ ji.Vl J LysCa QjaJI J£«J jiaj LaA.lJ : <e"j^ ^jaII lift ^ 

Ajjjlill Sia. jll ^ Kinase <=alijj o^L^i. t t*llil .asd j Lysc P 

jj i . u£ jSlI J^nij jl 4(_>saLi. (J^^ P AjjjIjJI is.li._jll j_j JJ*J liAj .p 

Kinase ui.?^ tPJ lsASuj u^- 1 ^ j^' cg^^ *— sj^"' 

liA Jla ^^it Ajjia^aJI C.gllltCimiCUm LjJ^J <j) K-'/n (j£aJ V Ajjlxill ^jb 
iaj i aj ^- _jj -l_ja.j JJj^J La-a 'U^" 1 /^ — L (j-o ^ ' -""* .' ^J 1 '^ ■ aa SI jjc. ^J^jV 

ojjxii 12.14 Jia 
C. Ljj^l t> IysCasd 
» jkuJI j glutamicum 
(allosteric ^ "jfr jlisS 
^ISJI jliaJl .control) 
JjSiVi ^IL lysC j-s-ia 

p 2 iujj Kinase 

a 2 



The synthase limits flux jjfljll j^sj (Synthase) JjiiluJl ^jil 

^Jfc (jAuU>U (_£jJaJI (jjlajll eljjl ^S^ll fl J^..' L " (J (_S^>^ ajJai. 

.(Aspartate semialdehyde) jjajIVi CjUjLJ sjU ^jjjj c£ i 1 ^ 

Homoserine ^jjl Dihydrodipicolinate synthase AjlUi 



p p 

r 1 2 






asd* 

1 ^hj 1 ' 1 iSj^ o*" 1 *"* 11 




LaJi _ » ' j 


asd 




(RNA2) 

asd 


. 1 . 1 - "j j 




fcrl* -Jl^ fcSF- 




Jt»i Jit JUjS 
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.(11.4 <_&2J!) Aspartate semialdehyde si-« Jk. dehydrogenase 
(dap A) jjiiiuJI tjjaJ ^jUJI (Overexpression) $ jll 

J)3.} ajlaJjoil] j\a.La£ (J- 4 ^ j/'' 1 "^ ftLp' '^"^J ( j"'..'" 1 "^ Ajllxi *^_3^ 

^ _>.UJI liA jjUj u^-jj -ljj^jV - L jaJ Aspartate semialdeyhde SjU 
<> j^uu l^jjiaj ^1 Aspartate semialdehyde sjL» JjSjj ilpjl aJU 
.(Homo serine) ujjj^ j* j^l <>» AjilU aaLloVI (j^U^Vl j^i jiill JJaj JDU. 
Homo serine <->Wjj1 *l.iaaJ iJmj^ o 6 - J jll u^yj 

.Ija. Aijxjja jjisu AJUi LgJ ^211 s jikJI dehydrogenase 

<UlaJ jl^aJ gja ^ c^J^ u^- 4 "-^ U^"^^' (JjKl AjL»c ^Lujij) 

sjI» ^ji^ .tj^-uV - L (jjlijJ (Split pathway) j k^ia J 
^jjl J±l qa \U\ (UL«i jiill jjlj tPiperidenie-2.6-dicarboxylate 
(Jlia JWa t> J D,L-Diaminopimelate c^jI^j <> (joAJI Succinylase 
L>&j jla <> (jlc j .(11.4 Jiill) Dehydrogenase fjj&l 

^ (Jaaa Succinylase ^jjl (ji^ ^ ^jj^j tjli»ll Jic iE.coli 
.Jaaa Dehydrogenase ^jjl Bacillus Macerans kJ&t lSj^ op* 

J l^lml \ 4_uJj.S J^La. ajj.laj ^aJ (JJjLjiaII il£ Jjjjla (jc Jjj.}]! (jl 

[1-C 13 ] Glucose JjSjkJI fl^kUj (NMR) tfJ j» ^nnlvnJ jU jA 

Jaa. jl Qia. / J .(13.14 JLill) 1 afca a jl£ Jja.lll £JjjJ <jl Ja. j ^2 j .AjIj) SjUS 
(_jluL«i <* U. „l ji j xjj-^aj IjJjii (jjiuiiV — L pVj' Aj^j (j! pjjll AjI^j 

fjjj^ 1 lWJ^ 3 (>• aLA£j jjLki Jj-iaJI u^^~L <jja. 'Dehydrogenase 
tAjSjaJI Cjlii.-a jill Ala < 'a J LaS t*Uj cljj ^ <;'!<;-' l_llui lilLiAj .Succinylase 
ilua. (^ jjj j-«VI) aj! jVI AiiU jai Aijxjja AilU ( <i^i*n Dehydrogenase ^jjl <jj 

jA La£j i^ajjjj^Vl (j-a A i '— j all Ai*3 I^Jj . (J j-o ^^la 28 = k m I ^"'"J 9 
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ja Succinylase (ji^ Jmj^ lP t> • jtf^ 

Piperidenine-2.6- Succinyl Ac a°LjJ ^xj <uj ij . JjJaLJI 
Jft Aajii ajIi^I Ar-^aa^ 5iLjal ^ Transaminase ^jjl lU*j dicarboxylate 




Dial 



.%100 0 (> ^jIjjj jjjiluil 
(Dehydrogenase J Succinylase) j^jjVl <> ^ .kmi aJU ^ 

(jja.3 jl-Laj -J l*-a (jjxj^jVI (jli '^-^ • %40 (j <aSa *'j i jjjjojV - L ^IHjJ (jli 

jLouJI Aoxiilall Aijiajll jl Ua^lll AjLaC- f.Llil jjjuijV - L (Jl^ 

L (JJ^"' AjLojlI (Sjj^VI (Jji) A Uj,„j\l ojLoll (j^i L_al£ jj* 7-"' JJSjJ / -A jiajuilall 

Jajj s.1*. j jjIu ^1 D,L Diaminopimelate ^ SjUI oi* j .j^uV - 

j] .AjkJI Jia. (Peptidoglycan) jl^lc- ^ 

4^Li ^ ^ IojJ Jlia C.glutamicum IjJ&j <J j k^ia ll jU^I 
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1 g jS3j t4 7-1 a 11 (jfi. a ' * UJ^ ^ tLaj-aC. t jLubaJl I " '1 3J uj a j a all c.Lia.VI 

A alia a 4 nn i_a j jla dlaj Ajjoijjj J ■ bjl -il j-a jj2 jj] Lijj 



Export of L- Lysine 



43 jj*-a Lijp^J! AjiLaVI (Jf"il <i->VI jj 1* oJJ Ajjj jaJI j_}ilui}?I (j^J *J 
Jj^ajjll ^>J .<Lag_o lilliba. jSj ^1 (j^aLaJI jjAi ojII Ajlac- jV lilljj 4 1996 
Ijjj^j j^ L JJ a ■ aSJ (JSlj (jJa. Aj (J^La. (j- 0 tj, air. jl-?-j) J) 

Jla j Ajtniaj (jlajj Sl&ia CjliLioSI Cj jJa. Jj <_£ J ill CgllltCimiCUm 

(LysE) jjxujV-L tJSLj j] .(Exporters) jj-i^jII »jW <> ^ 

^jjjla. jljjxl Jc ^joajj 25.4 AliliS jjt > jLic. (jJJjJJ jjc ojIjc 

Lo-iic (jj^j 'u5l_jjjt t_g& ^y^-y j& 1-° aj^LuI Jc «.LiiJI jjc. 

<j]I J liijiiij oaia CjI jka o2c lillliA j .(4.14 Jiill) (Dimer) ajjUj SJlaj 
-L aJjVI <5i-aj ajILJI 2 w J5U11 Jjxaj (1) CjI jlaaJI si* .JajJI 

(3) • » IjumlH (_£/La, jjiLuiYl S-iLall (JfiJ (2) ' "^JJ ^ U^j (jJjojjV 
Aja.jj Sjlfivj (4) tljJaJj tc.LuiT.ll ^jl-^. Al Aialj-al! CjLijj'Vlj jJjatiV - L jJjaj 

AlUal] ^ Jallllj JlajjVI Ajia*l Sjiil^ll a jSII ji^ax j] .JSLsJI (Reorientation) 

.CiLuuJI ,J 4_Lal£ll 



LajJjJjla 14.14 JliJl 

(L- Ca^S — L 
j^laj lysine exporter) 

<j£LaV! f jaJI j filuiSI 
Jiuil (jJJJJ .fLal! 5jli!) 
Sjj.iu.fJ) (III jiaaJI Luajl 

flijVI *Ul«J Uauij 

(^1 (translocation) 

fLulldl <Ujljull 1^1>UU 
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i> <J^I jaUall ,Ja . ji '^'J Ija Jla ^jlt C.gluiamicum Ljjj^j 
cjlamJl ^.l j Jjx ^ ^r 0 (Glucose) jj£ jM — j j jj^ll LysE 
1 ^ (j^V-L ;> IjjA IjjSjj <*-«4j <Lysyl-alanine 

(jli !j$Jj .(15.14 JUill) jiUal! jaj i_ilLI ^1 ^jjj La-a AjlkJI (J^J jV J-« 

JiJj (jjiuij^-L <> s^jI j cjLi^ ^1 Jj^V ^"""^ (Exporter) ji^A 

4CjIjj1u]I <JVjta ^Uaj ^jlc csjlsu C.gluiamicum jli IjJ&JI t> cSj=>-VI 
^jou ^JIjLij ' (Hydro lysing enzymes) ^UJI c^Loj^jl ^ 

IjjJ^J (jlj Laic Cjlia. j jiixj ^^jjll a VI (_paLa^.YI J] (J jj-a _alL 

^Sl jj ^1 ^ia ligJ j SjLoJI aiA jau^j j^lc AjLlill 1^1 j^j] C.glutcimicum 

■laJjJJ sjJJC A^Jfui JS! _jj liSLiA J B ^Jji« ^tjJajl La£ j .(jjjjJ^UI SjLa] 

^ jIaII I J$J j . ^1 jc. AjUj^I Aj^. j^JI j AjJLuJI Ij jj£j1! i^ja Asjji-aJ! p I jf)} I ^ 




15.14 JL^I 
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Production strains 




+ H 3 N 




NH 3 + 



Amlnoethylcysteine 
1614 (tun 

(Aminoethyl Cysteine) 



gtaJ^I tffcl*. 2.5.14 



laiuil 



~L (>> J^/f^ 170 (>a jpSl jl jaj ^^Ic oj^all 
(Lja.jjAj .(2.14 Jj-iaJI) JjI$1I (ja^JI liA Ada. jJ 

dlii^aJt (_5^.J gt .Diaminopimelate jl (j^-u^Ui 
S (2-aminoethyle)-L-cysteine) 'u^y^' 

,jc. Jj^jouJI Oi^ ll)J%J -(16.14 JSjjjII) 

diiaj aELA\ s^a IjalL Aspartate kinase 

■ lla^aHuil ^fllj . (jJjuijV - L A iajailjj (j^-oJ V 



y-methyle- Jk 'oj^ _ L —11 a^jLIo ajjSjj 
^ a-chlorocaprolactam J L-Lysine 

CjV^-ui ^yle J jj^raJI L^jjJ AL^iJI CLlLiLaC 
jj_jlaj ^j-o Ai^j-a]! oi& J!)Lk Ajl V' . J^iaal Aaajx 
A-jjfrkxll dlli^all AiMt La Ullc. <DLJ 

.AS JJ*-« JJC lillil AjJjjaJI l^ojjVIj ,Jl*JI £^"7^ 

JLaatAml jS-al j (AjJjl^ill A aalall CjV^-uiU j» J 'J? « CIiLxjLjj Aj-Isj Lj£a< ^ ; . "il 
Aaala CjV^-uj (jjtaiul! ^ 1 glloAl jliikV Alljlall oi^J Igjft i iui£j CiljiLlI 
oi* a J'jr^ oA-iia-all Ajjjjjall J laJLoil 3j .(6.14 J^nill jiajl) aAl^a. 

^jJI ^jjll ^jjja. (Point Mutations) A^aaj cjljaia cjX cAi*3J 
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CxU\ JLkjl 

Aspartate kinase (lysC-Thr ^L*jjjV S jLLJI cAiisJ (Alleles) 
j Carboxylase (pyc-Pro 458 Ser) Pyruvate j 31111e) 
<> Jiy<»c- 80 jrljjj i(Homoserine dehydrogenase (hom-val59 Ala) 

. AcLjj^ jjiy^c. 3.0 oj-iS 4j^.lSjj Jl*-ttJj (jjjou!)UI 

Production process 3.5.14 

jl i^£xu]l L-Aj^oS (_>uV J-a La4.m V (_>"^' (J^ -> a ^ ^J'..'"^ (_paLa^.VI 

(High test molasses) ^JLJI jliaJI jj ^V^JI J <(j?JjJ1 J i j^uiJI 
jjjUl J i (Inverted eane molasses - <_ilsi«II jU! t_u^a ^a) 
Ij jli^j jj-o jJt ^ jill jli is. co/i Ls jj^j (jjj^c- (jlc- • Luijil J\*>*u j 
LJlc. <_yiV jxl\ jl£ . j jj£ jlaJI (_> J£ liEiLjlJ 4j£aj C.glutamicum 

jj aja j ^gjjJ^S j 1 '' ax lil] jj 4^l"ijVI 4jl^r. ^ t^^jJaLall ^ t (JxaAuiJ La 

I Lj-ia toJ^atLa $.(_£ jLoix <1 (_yi)V_a»a]l al ik"Lml jl (Laic Luj "*< 
' LaJ Sj I ■ lluij J-LaaJJl ^ 'i i a ^Jj j^i.ill dll^jjoi j-a I " ■ bail JJ 11 1 aJ • 

.4_jaLjal 

t£Lk 

_aaj olajVI j (jjiVj-a]l (JLajUjul (jc jaj Ig-a. JJ tilLiA jli tl^Jj 

jj^jjlill j^Luax Lai .Lijll ■ "'^ SaJLo JlLa 'ijj£-a j_JJ.J^ jjLua^a (JLa*Jjjl 
^JJ <iuijlLj La| .(Ljjj^VI f^La jl jl&) LlijxVlj ajjjjxVI llAilui ^g^S 4_ajj-a]l 
(Plant Ajjliill jijj_)l]l ■ Iala (j« 1& jj3 JJ aJj3 4 ail _j<aj]l (J-al j£ 

cjL£jxi 5iLjal J!>U. qa J <Sjii1 JjLj (> J protein hydrolysate) 

Ajt_i3 .AAi.jj-aj (jjjaijV JJ""^"' AjlaC. (17.14) (J^u'M ^kiajJ .oJ^a-a (^J^l 



.jcJJI jl jjUl j. ii « . *l l (>« ^jiajau j£j* l5j^-" ji^ 0 :molasses (cwjII) 
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<bU-o <jV^ jj.aSU.a3) jjJ^) ^jjjj-aVI dlliiui . J&[ aC- 170 .la. J] 

(jjSj j;Laiall jj< yj .}_&a._&A]! jjjouV - L (jli .Aj^C-lall Ajij^H (j^aLaa.V) 

Jjjaill Jj — ■ ^ jli ijSjoill aJUJ <iK31 .Lysine. HCI 

.IfrLsL jrtijiyi <iL«J l^a. U^-a LcLiLa i«j (Conversion yield) 





1 




:•- 

AjjjsJI 2 1-.< 1 









jj 17.14 Ji&l 

^J/UtlV I . 



100 JSi j> 

L_Lual Lalt (JSxiJlj jjjoLL^UI jj^ aJJ (_3^>ia tlilj jVI l^j-a (J-a3tLuJ tj^jia o^C. 

tjSxj .L-lysine.HCI t> % 98.5 ^ isJ^ • 
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^JJ .(jJjuojV - L % 50.7 LS ^- lSJ**-* — L j^J^l Jjla-a • 

(Granulated lysine ajjjjsJI ^Will ^Ajj^ ^ Ciljj.^" • 
<> jj^aaloiJl li& .jAuij^ -L 50 % ^jlc l5jj=>j sulphate) 

J!>U. jljaall j jl.iaL.aV I .J I Jl£j£VI «^A rtijj (Jjia L_s]ikj 

^J.f> j) tvilljs£ - jaam al] L^la«. ^La j ■ " PI i <a3j| --^ - j iJjiJI (Jiuil CliLaJU-a 
(jjiuiaLiLall Laj jj£j ^^oll ^^A mq'i jjAaall 4jl«r. 4iLial tJ-oljaJI a^A 

•U^$ _ L ^loj) yi jialLLJI 

L-Threonine L&JiJ* ~L 6.14 

Biochemistry *-iJP^ fLu^il 1.6.14 

Jiiillj iia till jJaa (jiio-^ j-o UJ^! J.. 1 ' °S jLai-o (_DLk j-a (jjjjjjj — L c3^J 
(jjiaJ till jlaL 4£jL2us (jjSj t^ljVI till jlaaJI jli lajLu j£i La£j .(18.14 

,iS]iS J1«j jjj jjji - L jli tiilJj (jlc o . ^jjjjlika - L j jj^jV - L 
ljuJa 11a ■ . iHslLj (L-Isolucine) jj^ jl j*jyl — L J^**" 1 4aL»e s^U... j s^La 
C.glutamicum Ljj^jj 3aua!b ^KA<JI oIa Ja. a2 ■isl .U-aU. U^sjI 1 ojhV) 
- L jj t> Aspartate kinase ^jjil isais ^ tAlijiaj 

<£jLiia ClLajjjl 3 (iSU^i E.COli ^ Lol .l*-a QpjjljJx — L J j^jV 

<2ajJ jj oaj j :t allkx ^Igj (TjiLaJ JaJJJ l^ia J£ j 4oJj^.j-a (Isoenzymes) 
o_Plc . (jjj jjIIlo — L Aiajjljj CLllUill j tjjjoijV — L 5Ja-ujljj ja^Vlj tjjjjJjjJI 

(Homo serine ^j*^^ o^sj^ ^ 

'aLJi jj Ajjliill Jaiijj ijjjjjjj - L Aisuoil <_^jVl £j£s : dehydrogenase) 

o^A (jc- aJjjjoiaII ' " 'I lla SI (jli iiiBi AiUiaj .(jjjjjUiLa — L 
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t Transcriptional unit (qjj^jI) £y»z*J j J£i ^c. 

jjjjjjjN/l J . (jj^JI J^*J jIuki .lie. L-luil ull ^^iLaVi (jjljILall 

jL^j ^ill ThrABC .E.coli LjJ&j uA«Jj~L lA?^ lP Jj>^ 

(j^> (jjSiii ^-a-^ 0 j^3«i-a ijIaj ^1 Thr A ^Ajj .^-i*^- 0 * V'. 1 .' 

tillU* j .Dehydrogenase homoserine ^jjl Aspartate kinase ^jjl 

jSUII Jjllall jikJI jjj .(Transcription attenuation) ^-LuiLuVI 
Thr-Thr-llr- Thr- Thr- Thr-lle-Thr-lle- _^ ^-LuiiLuiVI S^j ^jta 
La-iixa . (jiuijJ jjjojI — L j (j^jjjjj — L ojij (j'lin-s'i ^^Sc. (J-**^ lS^' Thr- Thr 
V t-ajjo! jjUII Jijjjll jli <Sw »,ti 4£. jjla <LUL]! (tRNA) ^latill RNA 



/yscj I <s*t**J5n .»i« 
i 



Lys 



thrA 



Met 



jjLuaiJI jLuu^l 18.14 jS-iit 

i . J t^jAJJj'lf -L J-» 

CiUjjjl E.COli lilllaJ 

'(isoenzymes) i^Uila 
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Producer strains 



aHLJi 2.6.14 



I ii]LiA (jli A aAialj Alljla j • bjVI jLouJI lift ^gJc ljLaJC.1 

jjjiaj ClljJai. ^jl (j-a jli li^Sj .Thf ABC UJJ^J^ jS luix j Jlfr JJJ*JJ 

(leaky) j <DLu kiAj^^aj j£ CiljiL tisl.iaJ ^ aJ^LJI 

ajjjl Ajlil j]| ^UujJjjjjVI OjiL (jjj .(19.14 J^J') (j^ 1 JJ^J^U 

-L ^?La. liNti* j . <^-a j l^a. a^Il Sjik ^ Threonone deaminase 
jikJI Threonine deaminase ^ji £-» JUJI Iaa j .^lujj1_&*J 

jjjSjll ^iaj tVjl <^£3 .aAla. till o^C o^iLall o^J jjj A Lj» i ^ lj ^ J ■ oj 

A jLttC. ^iaJ Igjl LaS . (jjjoi_j]jjjjjl — L (j-o 

Thr ABC ujj^jV g^ttl 
.tRNA He 



; 

4 

Thr r , Hom r J&i 

i 

Ojfjjjjiiil jjja jjJjA AC jU .kulu 
(tdt) 

I 

pBR322 frt Thr ABC -It 

i 
I 



clj Ci! jkiJI 19.14 JiAS 

-L ^IjW <UuiLL»J! E.coli 

CiljjaJI JjLxjj iA^jA jjfr 
4 lHa - Cil Ji«JiL at '■«■*■ at J 
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4_aJiLa3l <E)LuiIIj Aiilc IgJ jl . Lja yc£. j£i£l jjjoi _jl JJ-uJ sjilal 4_a_iiiSI 

i ajdjoLO -I laJLuil i 'JjVI CjljJaa. 4sSla-o ,j .liAjilj ^Jj^-ai' 

Ac jj*L& a SjLj j jx j t^- lliij AjLac. (J£S AjI jl <c j j^i ^tialj J J^)ia (Clone) 
25 jaj IkjJ-aaj j»J A a i ■■*"' i alt <3^Luill jl lift <_S"^ -(Ja-lj-a a-lc (_£/la. (j/s 

•Thr ABX jjj^jV J-°LaJ ^k>M u'-^ <^ c?^- A>?- j cs^s ^" Jja. 

Ail tLaic .ajja-YI ^tiiYI <la.^a «.liil (Jj^a. Ijj AjjIS AjllLaJ iUuJa cl^A jjfLiu 
t_a2j^ j-i ~ i ■ gj i a a-liilall LiiLaJ! jli 4jajil j (JJjj S^)iia J_&a._&j 
jJIjIIjj . jjjjjjp— L (j-a (Jlft jj^JP J?..^"*""' (J 1 - e_J.ll3 JJC. Ig-iY lilSij tl -la i 
■■LLila. Lijjij 1 g njxa (jj£jj-u i a all Ac j^y^i h^-a. jli I^SAj jc i_aSjjlui3 
11 jllaSI ClU.^i JUJ AJXJI 3jui.ljA JiJ^ i_s^ AiaiUl CllULaxll j> j . .lia j^Lll 

— SI (Jalill (j* AjJp -^j er^' lHwW^J^J* — L j u^j^j^ — L 

ctdh LjJaJI <— ills) <=JJ J^^J •<_s r 'jj^ -^ aj - a CS^j L>° J^J^ _ L SI 

.(jjjjjJiJI j^Sj ^iaj H« cThreonime dehydrogenase jiij ^ill 

=>j jaa tThr ABC jjj£>jVl LgJ jiA; j-2ll CiLu j£U aJIx. ajSUI Jc J j. aaJS 
Aspartate is^ij* W^'j^^ <-**-aS aHui j^ jjjjjjVI ^ lu ai J 
.jjjjjjj — L — j (jj-ojLLJ! Homoserine dehydrogenase j kinase 

a-^J ^ all jjJJJjVI (Ja.^1 .lal j .^1 mUmVI I °» i a o i—iia. JaS (illi SiLjal 

J VI i jxaaoll cjUJxt ^ c Ui r ^"-..ij PBR322 Jalil alcj^JI ^ AhjU\ 

(jx j^'" Aloj!)Ljj pBR322 JJ-4_pLJI Jl \'"' i ill (jy^ 3 (jc CijAa.1 Aia.V < J il "'J' 1 '^"' 
. jljSljaVI J JJJ«^I L> Jcl (_5 jlui* ^tij] Jj CjJ pRSlOlO AlA_pbll 

Substrate uptake UJi) SjUI jli 

(3*3 '^"'^ i _ s !ua)}\ (_paxtaJI ^jjuo: ^ JJJ^ JJ^j ^ ^>*xu (jl LaJ 

i Laic .Aj]jl ojLa£ jjj£jjJLl jjSjiaJI JlAiLuV Ajjl£-al tilLlA (jj£i (jl (_^jjjj-ia]l 

^* aJUJI lis, 4 jjjl-JI r l^lM.I UpLaj V ^.co/i K-12 u- oV^L, J 

jl^>i.l jLoliij ia.j JaaJI (juiaJj • j^jjJJJ - L S] A^ilaSI A At ^\ CjV^-juJI 
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4-iLaC. 4_ui.liA (j-a (jS-a [mm (_g CjV^Lui (jl.Jja.j-a jjj£jaJI (iE/lglLuV 

(JiiaJI Jl^ j^Uiill ^ u! -(20.14 JLill) jSJI d^i-l 

*lks jjSij ^^iiaiJI Jaljll jj cjj^ iE.coli HI55 aJXuo ^j*]! SCR 
jj .Phosphoenolpyruvate: Sugar Phospho-Transferase (PTS) 



v.*-' :j .AjjLuij ikl usiQi K-12 aJXJI Scr 



j Hydrolase 

^ Fructokinase 

AjLaC j£jal]l 4_ia.jj 



I OA 



J 



CSC jJ-s-M j*=J 

<a» j ^3 .JjajAll 

^ t^ii .E.coli CjVXoj 

J°-»jiJ. Jab <jajJ jj 

CSCB u«J 

. dlli jj jjJI £-a (j jLulU 
I " JJa ll A itV'l al Jjkllml J J 

(Transposition) Sjliall 
CSCB 




I scr-4 > csefi 



Pyr 



PEP 



ulL . jjS^ I uliyijj-jjjiJ 

» SffP 

uiLji-jjSjy 
+ 

i ;m 

* scrK 



Jfcttl 

♦ cscA 

+ 

* cscK 



E.coli (J » jiuill j jiuJt (j^aUalal iiiUll 20.14 JiAB 
j» U iS jiuifl (translocation) *lijyi ^jjSj 

Phosphotransferase fjj&l fUaj ^ 4ouUj"Ij JbJI 

LJJJJ ^UjjjjjJI £a <>ijj <ji iAxi jl i(ixuijilj jU*J!) 

jjjLyili JaLUl ^jJjStl ^jjAj -((ly^) * jiuiifl 
Jii iLVUj t> jaIj j-» (Jauij) Phosphotransferase 
fii&l <> OJ^ 4 fr 4 (phosphoryl) Jjjjiuill 
.translocating glucose) (Phosphotransferase 
.PEP = Phosphoenolpyruvate nilijja = Pyr. 
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jja S3 J^U. ^«>>Li -I ^imljj .(pmol min" 1 ) aajSj/J 9 Ja*aj jjjUl 

•V- CSCB ^ d> r 5 ^ 
Production process S^V' 3.6.14 

4iLial .j^niSU Ajiijil <A»c Ijjj tUljl j^a all jSjuiJI tiSSlgjjJj (Inoculation) 
-is^jj^ fSjM SjiW-JI J-jjJ" ^ (NH4 OH) 

. ( j.iiSl».a3l (jjJ^iLS 

100 Ailii^j (jjjjj jj — L a^Ijjjjoj jj a^sSl ^gJc. AcLu 77 j*j 

j^aklSt 4jLoC ' ° ■ aJJ . %66 -la. (J*^! <J_J-*-j (J J' " ^!J3J J^/^*" 

(Jiuil dlLaJl»jQ 'ijjliSI j ^^j^ajxJI £cjUSI (JJJ^J ^ (_paaij-a jIuiaJ 

(jUjiSI ^gJc. 4jjLlii (j^aliijl ■ . lluij <Sfru AjlaC- (jjjjjjj - L *JjSj (jj La£ .^^^a-aSI 

L£/LiJI (JjoJj^j AjljJ ^JJ 0J£^ AjlaC . J_^a.j-aSI ^LaJI 4iUi£ (jJaliijl ■ ■ Ifmjj 

l^juiij ^iia.jjjj^l ^ jl! 4Jau,l jj J s jl jaJI 4Ja^l jj Laj (Coaggulation) 

4j2 (jj^Jj '%90 — 80 (jJJ ^jl JJ (Jjj^aa-a Aj-o till j_j1jJI ' j (Jj-^a3 (jj 

o jiai Aj>Li. liSljA (jj^J J3j IjA .%90 ^^Jc- JJJJ ojlij Aj>jjj (Jjjjjjj — L 

.ojlaiSI ^jllft jjjjJjJ — L ( _ £r lc- tjj' SS oj_jlJI ojIc.1 
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L-Phenylalanine 



0&\ J^UJ-L 7.14 



Biochemistry 



JbjjaJI f Uuii) 1.7.14 



C.glutamicum j E.coli IjJ&jII jj jjiYi JJ-ya -L ^tiil 

j (JjIlujjjIj — L (jj^j AjLac. £j<s ^ i Jflj (jjjVI (J^-^ — L (jjl^ AjLaC. liljiutij 

jAj liljliia jA La Ij$J.j1 Aj^liil! AjjLojjVI AjIloYI (_)jaLa-4.VI a-^A (jj •(j^J-4iJ^ — L 

3-Deoxy- (DAHP) Cili jjjj Jjil jLj; jail j cAiu, ja - 4 - jjJijjVl t aiiSj 
jkk Ciu: J J^j J 'D-Arabino-Heptulosonate 7 phosphate 
JJjji-L Uiu .(Chorismate) CiL«jjj£ll Jj Jj^ajll ia. Jj 

AjjUial ClI jja-s. iii!i\ji (JJjVI 



a££ ^ji .(21.14 JiSK) 
DAHP ^ji t> ^Ijil 
Ljj^j J Synthase 
CiLiiaJLi l$l jaAjj E.coli 
.aroH j aroG j Arof 

I jjj ClLaJ jiVI s^A I ■ UdJ j 
Jc a JaAuill J Liuijjj 

si* jjj jj .(Flux) ja-ill 

AjlUil Jiiall CjLujjVl 

cSJU. J < jjaaall 

j <al jx .jj^Ij 4 Jg i j| jj 

bjSil I j 4jjL*1I AjIixVI 

(Aspartate ^jil jj-i? 
J ^fljhnll kinase) 

uj • OPJi 3& 
AJUill t> %80 Jlj^ 

DAHP- _ii ysii 



aroF 



ill 



DAHP 





(shikimate) 
aroL 



iUjSj-ill jUjS ^Jil 



(Chorismate) ^ujjjjsji 

p/)e/V |,i ^^^^ 



Trp 



Tyr 



« iijjijjjj) (Prephenate) 

pheA ^ijjijjji «.uAt jl; 

prephenate) 
fyf-Q (dehydratase 



jjjVi Jjjj* 



] 



jxjic Jjuju (j^VI Jjjja - L ciiSjjJ BiJijJi jLuu 21.14 Jlui) 
Jjuu iiiUj (jjj 4iU2aVU . jjuJjL 4jJj2 Jclli Cjljki. 

{&Jj\ UjIc Jjj US E.coli (ji isoenzymes 
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(jlc. jj (j! jA<JI (> j .aroG jjaJI a! jaAj ^iJI ^JpVi Jj synthase 
chorismate & jjV ji^j 4'" lKj '<L> j-ij^ll jll Cil j sj^iall CjI-iluJI 
4_kJ ji a} jL^j ^ill gjj-aYI (j^aaJI -Prephenate dehydratase mutase 
AJaJ jj a] jiAj <_$i]l Lai tjjjVI JJ-ija — L j'^^ M aIuJ jj ^ljSj pheA (ji?-SI 

A_1a£ Jc PheA jJa. JJJ«J Ij^A J -LB^JJ^ ~ L AjauiljJ £lj£j2 tyfA 

•tRNA phe 

Production strains jrtisyi 2.7.14 

(eita-jll pSll A^jllaJI DAHP AjlUi Jc. A^iiall CjVXJI jiaj 

Chorismate ^jjVl Jc j <aroG (jj=JI J aroF jjaJI A_kJ jjU jsAJI j 
A_kJ jj a! jLUI j i^yLi. jll ^ jLLJI mutase-prephenate dehydratase 

-L 11 Ajjlic. Clljiia aAc Aaaiall ClVXJI t6^tli£j .PheA (jJaJI 

-L aJ»J jj ^hnll l^Liai.j (jlaj V Prephenate Jjj DAHP (> liljilall 

jA 1 . limit j JaJJJdlLl A-LajjjVI CllUlLxil! laj^j (j£-aJ 4 (JJj-u j jjIj 

.(j^jjjLi - L Prephenate —II <> u/'..^ 1 H 

(_jA (AnXOtrOphy) Ajjliill ajilall AjaJj ^jiJ A-a^ Aja.1) t«JLiA j 

jjxujjjtilL) 4 i 1 ill 'l a AjAju Asjjb J ^aJlutl ' jjttjl] Jui-a -li Wt Jc- (Jj ■ aa SI AjjL^a] 

CI 857 (Repressor) ClA£]I ^.ikiJ E.coli CjV!1u: (j^xj .(alii jkil) 
APL promotor jlia. <*-a A ajjUJI J j jxJI j % J jail ^LuaJI 

(j£aj liA j .aroF j pheA AjjjjjjII ClliiaJI J jjsaall <JJi jjjju Je. J j^ail 

IjJajl I^-JJ c^liiiVI CllULaC c-liil ^ajjjVI CjLllxi Jfc AJbill » jUi, Jl 
j| j^ll AjILuJI jj£ljjll L-Ui dj AjiLuJI jljiLul J Ajjjj^II (JSULall (j^s olaJjl 
-I laJlmt ^a. Jjj ^JjVI Clllc-jjll CjI j^--*- c.lj| (j-a (jS-aJ Ujjl La£ .A^jLill AjjJajVI 

cjLiuJI jjjxj Ljjs jjii Ciaj (Seed Fermenter) <^Aillt j^aJI 
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Production process 



jrUWI Utf. 3.7.14 



a ^jUj.JI j tjjl j j i i a Vi^ ^ AjjliJI j ■ '-** jV I ' 111 a*iJ a£j1u'i,«i 4 (j^j^l 

■Ajiuijj^jll AjujVI gjljjll (jjJ <_^J-a ""JJ ' °i OJijfi^ ' . 'f.. '(JjVI ijjJfiuil 

tiLIa II j'-'^j tAjjjaJI * SjSIIj tjjjjVI (_iMj3 — L t_j^J ' jj^ji?-^' cJjJ^-j AjLuJ 

(JjSj V AjjlaJI aj^jIjj jjall <J ja '^1^1 (—ujuJIj .C0 2 j '(Acetic acid) 
• LipVI JA^ _ L c^^^ 4 ^' u- 0 ^ cs '' " (22.14) J^*ifl j-^a jj .ajL«JI 

jjjIj A] ^jJI tSLlaJI (j^aa. ^tuV E.COU LjJJ^J J^> je 3 ij^J ^-loUJjll SS ■ * all j 
AjjSjc. Aj^jjIjIuJ J_jia li& £Xal .AjLaxll ^^3 (_£j3 

Ciljja-aj (JjLuj (On-line) aj*1j^ CjULij V jl ^jj I-^jSj aj^xjII 



1 *J*>» 

















3 



j*aijl! <jaj 
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jL»Vl 3ilj£ll Je ejkujill AjLaaJI JDLa, lillj Jaj ^jllill oik aJ jl Aju 
■ - Ija 1 UxaHll AjLoC. (j-a 2 4la.j-all l-L/laJI (Ja.Jij La-lic. j£jji1I Aj^*J l-lii j . jSjoiII 
«jx jjJI j . lijj&j i^ll^luil Jjj Jjl * j-'C c5-^ _)j^jl^ UJ-^ 

tt^Lla SI j'"-^ lHJ^ cs^j ^5-^3^ '-^ JJ^jV ^ es^- 2, j^J^ (Jj^ 

. CO2 " iaji-a ^tijj Jl jii jj^jlaJI JJ^JJ (jialiajl £ial (CjSjJI 

<_jAx-a JgIj AjLaaJI ■ lua j Llxuij j£juJI <J.l*-a (jj^J (jl ' . lag l-^-Jj 

.liillaJI (j^Kia. jljjj £J-al ^!J^ t^ll^-ia^a (J^ 3 ^ f-\i <-^3jll L>"^J '(j^- 4 - 0 Aj>1«J 
.3 4la.^all _jaj L£)LaJI lil^aJJ t!>L^al .2ja._aAll (jjjjjjjlj — L lidgiujl ^JJ La-lie 
t^Ai tlijjaj '(jjjVI Jj^}3 — L 11 4jaaial! ClV^-uall £J-aa. (jli tlajLui j£j La£j 

jjSjj 'Mc .(Tyrosine auxotrophs) kpVit jj^jjij CjIjsL 

<lj£ll (j-a Lli-lll 4_La£ll -Ij-^J l-^J '^jjl' 4-jLafe ^J-^ J tlB^JJ^ ~ L 

oj^all (Jf I 1 <3lJJ 1 SJ 1 a a ojjLall jj£ _jl?-l' ^J -4 ^ gUmV Ajjjjj^ial! AjjjaJI 

.jj£jlaJI AjAiu J.l*-a ,J (Jljla.1 JJ 3 <la.J-all - J LiUil ajVl 

4 <ia.J-all Ll^JI (J^»£ j' Jj3j 3 ^la.J-all AALl\ ,_>^aa. jl jij 1-llJj 

.^Ua 4_iLa*ll L_a3 jJJ 1 g ka j jjjVt _ L 11 fS'jP ^ CS^' 

jj£ljj Jc Jjj^aaJI 4-ljl£-al ^gjj-aVI (_pa aa 11 ^lliiLj (_^salaJI JULall Ia& ^iajj 
|j| t ii 1 (jj-ajj J!5La. Jlc Jlgj J J ' iTs ■ » £-a (jjjjH Jj^jS — L <j«a lia. <Jlc- 
j£] ' LSjII ALli a jl-iji j^l 3 J (AjAuII CllLiajjl jluil -LaJslLa ^3j-la 1 lidAaliml 
(jjj^l Jj^J 3 — L (j-a jliy^C. 50.8 ^Ifj ^jl^- Jj^ 1 ""' 4ij^)iall 0±§J 

.AjLaxll AjIaj jj-a -Lia ■ L aJ j (jj-a jj %27.5 (J J' ^"^ ".'J 

L-Tryptophan ^lajlujj -L 8.14 

Biochemistry <iJP^> fLw^ 1.8.14 

Al\ . i AjUiJiA aa a jjSl j ( ^jxjjJI Jlc- t_g^"\ J^i! L (jj 

jJaJI I aklt ClLkuiaJ 4jLja) JLaatlaL^U Aau^jxll ^il-aVI (_>bLaa.VI Ja.1 

E.coli Lijj^j l>° j^j^ 3 J^- 4 *^"^ t?^**' j'-"^ II 1^1 Al\kk ^llj] ciiULac. jjjj 
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_JJ Jliill ts-^jjVl (jJajll u' -Bacillus subtilis j C.gluiamicum j 

Jjjli £ jjla (^k. Jjj^aaJ] 4 uaJa,J (PreCUrSOrs) CjUAj ^l-lkiuL ijlijJJJjJ -L 

ajkaJI jiaj ^il! .(23.14 J^) Biosysnthetic tryptophan synthase 

Indole-3 glycerol phosphate — > Indole + Glyceraldehyde 3 - phosphare 

(a-subunit) 

Indole + L-serine — > L-tryptophan+H 2 0 (P 2 - subunit) 

<LiLJI g^Uj a 2 P2 E.coli ^ 
J^iii jl (jLoj ^ill i(Tetramer) 

Jclij a Cil^j jiaj ,p j a 

Indole-3-glycerol si-* jlkiil 
s^a-jJI jsij jja. ^ 'phosphate 

Jiuw ^Jiluu jl nji n ^jlijUjjjill 23.14 Jlullt 
. jlijly jj-L Jj^iVI AiUayb hjU^jS Jjj**iU». 3 JjJjyi <yuJa 



(CHOH) 2 CH 2 OP 




HOH 2 C^COO- 
NH 3 - 






(Tryptophan synthase' 


-V^COOr 




NH 3 * 



Precursors 



jUjUI <> 2.8.14 



^ylfr ^ jlaj (Jilt E.COU y^i. JLulLJ ^^ic. 

<j£?J1 j TrpA jjaJI j] .(Tryptophan synthase) jlii?^ jli 
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ujj^j' ls* u^*f! ls^- P J a uAjj^' a^j^ u' J^i Cb'^ Trp B 

t b*jjaaSI j (Repression) Ci&l (jjjia <j& ^ill Trp EDCBA 
liA cA£ t-iia. ^ <j^j*^ ^ E.coli SjiL ^ j .(Attenuation) 

J jVI AjjjiJI ' " & 'Jf SI ' £-a " fljt-i <a alt ^Hala (j^ 1 'UJJ^J^' 

Tryptophan ^£11 utAjj^ 1 <> %10 ^ j*> jla liilil -ujj^j^ 
jl (j-a j»& jlUj .sj _»-a]! p — Cil-ii. j]l ^ o^ljj synthase 

.lgjt-a Jcliill Jc. cP^-i P — ^jjj^SI Cil.ia.jll j iiSJi£ j t Synthase 

(jl (JJ^. J < aj^J J 11 ■ -* 4-Uaajll ■ lll&l ''■ all (j-o J j-liVI Jc (J jj^aaJI (j^ajj 
JJJ^J 4_lLa£. (J^Li. (JjiVj-all 4£.Li.jlull aJJ ((jjJJjol — L i^ljll j'' aall 

(_J£^i) l5^>^' dj| jJaa j i^jJ^I (JjliiJI Ljjl j£ jjLojjE. al laJLml J i^SjJI 

^JJj 'J>« ^ji* 10 ojJS Cljla Jlg-i j^JJJ jlj-aJjjolj Jj-iiVI ( <l ' ^aJ .(24.14 

Jj.i£U Uxi£ V AiijJaJI oi& j - 1 Sjj .On-Line 4-iLaxJI J!>U. ajIc *jU.,„N 

lliLail* aSt (jj . ^jj/jjI/^c- 75 JljiJ J-^J Jj' ajj t(jlijliJjJ — L ^^jV 
JjSJ j i(24.14) JLill (j-a jl U^J^yj^ _ L Jjla-al cSji.^1 

.(Pyrogen free) ^s-aaJI qa JU.j 4j& jill ^[c ^jV^i^ <r joia 




^JjsiVI JjLSII 

T 



J 




5 j^j C#">J 'Ojffl *"J1 



J 



AjILu ^UjuI JjiWI ^« ul^ ^1 (JjjVjaSI ^ (j lum JI Cxjiw — L ^1 lalyiV n 24.14 JSjiil 
IV i ii a Acjjjj E.COli ^PS. £a Jjaall li* j>JJ . (jli jojj jjll ^1 ^UiiVI JjaaJ! 5aljl jIja 
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L-Aspartate cjUjUi-L 9.14 

Biochemistry Vj*^I fUwiil 1.9.14 

c_aLia^ jjoiI j JUij (L-Aspartic acid) £&J~Jti\ o^**. ^.iVi..n 

|Aj La-lic. A£.JjuU SjLall oi* ^gjc. ■ ■ lliall ^l^jj \)' all .ll J-all ^gij i^gjlic. 

<_s^-" V'.'-' "jW^ SjL»3I o^a j ^jla^o sjLa£ Aspartame II ^tjjj 

200 (^11 j=h i> Sj^- jp^ uj^ j L-phenylalanine j L-aspartate 

.aLIs 4jjI^s. CjI^xjoi CjI j Ajla la ojLa£ g^l^jj tjj^ cs^] ^ j "J *'°*' J 

<d VI 4 j^Lill <kJ jj X-al goL jlS L-aspartate J <> ^ jJI ^ 
AjLaxil ^JUil g-t"VI Aspartase ^jjl - 1 ikUj J^IULj j^l gjjj 

A-aAiluiAll CllLaJ_pVI (j& 4ijjj«-all CjL^ISjVI 1 (j-o jA j ' I g 3j]t £j jj^akjlj 

ejjKoll Aijlall ^t-<lujJ .(jjjJiaJlj J' aall <JJ^=JI AjlSSlI 

JT jlLall jj-a 220000 g-tijj (jS-a-all ^ 4j| ftljiVl al^ilail SjlcL 

L-Aspartate jjj JjLiaJI Jja^ll Aspartase jjjjI^I fjjjl ji^j 
aJL^I JcUb six. Jcliill J^j -(25.14 JLiJI) U >oVI + Fumarate —SI j 
^LuLJI ^cbj E.coli ^jjVl .(Amination) jj-Vl 

cjUjj?!! 4^Lo jjj jjjlb 196000 a jjS gAO?- ujjfj (Tetramer) 

^gjll CjLjIj^II 4jI.1i Cllj^ia ^gjll ejJJ^ll [5 jLuiaII (jjj .AjjLlill 4jj^»-a]l 

Aspartase r-u^ViJ ^1 4Tanabe Seiyaku Co. Ltd U^j^-I 

LaJJC AjjJUs j-a %10 eli Jaa> jl 4tSl]j £x .AjJUi *Uikl Jaa^Ll 50°C 

11a J j$Ja jSI .(Polyacrylamide) jjL^LjSI ^JjJI ^jjVl ^2 

(3.14) JjJaJI £tj^a jJ j .Jj^aaVI Ailjiall JIaJ Ll^Jl ^Ujjall JjjSjII (>i ^ jjJI 

ttiiljAiljj o^c. <Ljc- gjlill 4k-Carrageenan j^aJ^Jl J ^...i j 

^ij Ajjjoiill Aja^llj'yi ^ (_JjIa (jjLuiaJj ^1 Aiuilia <iajlj Aja ^JLaaUjoil j 
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Igj^l Ajjl^jll Si-alli Jjla a]| ftjjjVl AjjIjSiJ 

' Li aj j*t (illijl ^>J_)j!/U '"'J - *- 4^-^^ Ajjla-a JJC- Lo^ij (J!LaJ I^Aj 

Ia jl I - ll ajU i at (Jill 4jL^aVI UvLail ^J^l J^"^ (j^J (jSlliHj (JjAjL 

L- Fumarate —11 L»3>. geSSi ^2ll Fumarase f^jii 

^1 l£UAl 5jjI jaJI <LU-all s jJai. al aKAaII jj^?^ j -Malic acid 

jLojc-I j S i< A\ l£UJI aiA Jlo -I i^laibj .Lijsj J*l£llj \'m AjlUi Jjjj 

^l^jll Jjk-all jli Ammonium fumarate t> >« ^.1 j t> jj£ jj 
jV ><> ^ 10.7 j L-Aspartate t> ^ 987 isJ^^ £ jH^U 
j^aa. (jV ^la 1.9) 1^?. aLIS CjU-sS ^» J&Uiall jjc Fumarate o- 4 

.(L-Malic acid) 4JU1I 



"OOC 



COO" 



NK 



(aspartase) 



H 3 N 



H 




coo- 



coo - 
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CdS jUu.!-L jrUSSJ jaJI aJji» £.c<?/l l^U *J jli* =3.14 JjJaJI 


(**)/o/ \ 

1 V°) 




jljjtuisfl 4Jl*a 




100 


120 


18850 


(Polyacrylamid) 


1 74 


/U 




(Carrageenan) 


397 


240 


37460 


<*>(GA) o^J* 


1498 


680 


49400 


( *'(HA+GA) 



Hexamethylene diamine = HA i Glutaraldehyde = GA (* 



^gJc ^km^i J yiC ^gk A£jiJI s^jLo L£)LiJI L_L^aj i^liijyi AjLafe f.Lijl t^JJ 

4jaa| i_ilAjl Ac Jfl?» n (j-a (_J^.lj-al! oi& (j-o (J£ (jj^d .lW_>*^ -1-laLla 

£Xa] <Hjta Al^)JJ 4jLa*J ^aulI Igj! _&& '(Jj^ O^ 3 ^)*^' 'lB^JZ- j!la 

AiUall jjs-a <_k^ Aspartase — li ^jjjl JcUj jV A^jjtfl <JUill J£b 
ojUII t> J>« JS1 ajJ ji. "i jl£ 6 ^1 j=>. jj^jj tlui. (Exergonic) 

4-ajall (j-a I .la. 4jjj3 <jj^ oi&j .AjLiaJI ■ ^J^ <1( "' LS* ^ J^' 

^1 Aspartase ^jjl Jclail 4iLL]l ja. ^Ljall JDU. j-a 4j j ...,ia. J 

Jj, ^.^ \l ^jj I^Jj tdlSjll JJJ-a £-a J_4-a3«JI -i^-a] H » i iajl ^1 £XaJ . 

- a J (jljjjoi <J.l*-a ^^Ic- (J J ' m M <j^°JJ • ^ J-a*JI (j^JJ^ ^ ,) ' ^ a es"^" 

<Lal£]l <LajV ~i laliuil 1 'i^.ali.nA\ A\\a*\\ ^uuii j lift .AcLoJI ^ (jjJj-aC 
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t^g&J \ gjlfc (_J^l£]Ll jU;, „ j o^oIuia]! 4_iLax]| oi& JLa] aJjli lilSliAj 

.S_aaia]l ■ A-laaJ L$Jj|jaJ 

.UMa. |>C /<&Lu/J j-a ^jia 200 ja. ^ 4ja.j jxill 4-LaajaJ 4_ill*i3l jj 

Cliijjljjai! - L SI Jjju^a-a (jli i Jjl 1000 A *a a ^_&xiE. »l laUm) (jJaljJiljj 

jejlgjlt ^jlLaJI Ajilj ^jjj .j^jJU (jL 100 (^1 '-^aJ _jSI fj^? Cr 0 3,4 (jj^j ■ " 

• SjjLJI J laUj Ua.V 

Outlook ^LS1ul4 S j£j 10.14 

<J IjlajH Cilia. jUaII (j;lJ j^> (j^' c?* ^ J'J (_>iaLaa.V jl j-a 

lla^a ^iajlj j sJj^a. CLiLuSj jj jJaj i . laj i lua t4 j\ot S3 ^jUI jAutajil i_l 
4_»i&.la 'iAjAa. iJjLo jlx-a aaJ .lalj .AaaiaJl CllV^-uil] AjjljJ&VI JJE. CjIjJsI] 
J_aa.j jl t4-i^aj aalLa j_; 3 1 -»* JSI _aj J _aa. j (JlLa 4j_alaJI 4 aluialj "Lalt oJjli Clll j 

.<La£-a3l d!)lc.lid3! j-ajJa ^gjljj-i (j}S>S 

jj_aiaj t"llj\flr. (j« o JJJ^ dlLa _al*-a ^gJc. Jjj^aaJI -iii lilli ( _ S -Sc- oj^E- 

jrtuj j] t 4iiLJlj .La^jjj JL^jVI (Jialiaj ((Metabolic Engineering) 

(jli tl^Jj 4 alia a dlLuSj o^C j^ (_J^l£!il3 £jlj JliLa _&& AjifaVI (_paLaa.VI 
ja^aJI diuijl (Kelp) jaall SjLa ^xia ^^Ic Ojaf*ll AjjLlLJI JLaeVI 

.jA^j-a j ^aljj ^adjjia U^"*j ^ J'J a ' (_>iaLaa.! ^tHiJ dlLlLaju (JjjLuiVI 
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Organic Acids 

Christian Kubicek i J \i->n j£ jUluujji 

Instituate for Lu^uil - <UiuJ1 AjIajjI j AjiukLlI j»jk!l j^jl« 

verfahrenstechnic, Unwelthechnick and Tech, Austria 

Leventa Karaffa lil JS ULaJ 

University of Debrecen , Hungary LjlijA - 

Introduction a^jLUI 1.15 

j^yi <> ilia ■» £-1 jl\ Ajauil A ilia all AjjjJaxl! (_paLaa.VI (j-a JJ^*1I 
^lii] (jj^J AjjIjAilll Ljj-IaII AjuiilLj .'il jjl! AjjI jjj AjjjSa **,.'J3 a all CjUjI£1I 

sjA j»^ljJ (jJ-2 l-^-Jj 'NADH (JJJ-^J sjltj Lj£}La. (jx (j£-«J Aliuij (_paLia.VI OJA 
i (^clj . . . liljjJJjjjl! jjixa^j 

UjSSjll ,J AjjjJaxll (j^La^VI <jli (j- 0 L>"^ (jt^ 'iP^' J' oall Jaa.V 

^»jc SjIc Liiiij 'AjI jVI isjLall Aj»al£ jjc. a luiSI 4 aujj diU^Jaallj AjjI jgjl 

(jx jiC-jll cs^J .AjjA'«^alt l_AjjjVI t Aj.liiL.iiV I Cjljji-all (j «a« ; ^ jjjl _£ll 

J) (J j >iajj V l_s jjoii tL-jLaolall ojA xii ^ Ajaluill L-jLd2aLall ,j ^Lll L_£tia.VI 
"ill Aj jjJastll (_^aLia.V I (jj . (J ■ aflll I JA ^2 CjLa. jlLall (^h* (Ji 4 " ->^' (_JjiA (jjj jjj aill 
(Jjjoii ^^jll (1.15 (Jj-^?-^ 'J^^ ' " ^ -' ■' "*"' t5^' t ^ J (JT* *LjI ljji.jxu -"'j ■ 

.^^Lal (JSjuoJ jl Lumj Ajaj 1 " ll JJl J ajS (J£jjS ^^Ic 
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H 2 C-COOH 

HO-C-COOH 
I 

H2C-COOH 



.(djjiuJ) jitt :1.15 JtiJI 







Juailt lift 






900 




60 




50 




60 




Citric acid 


tiLjluJl (jix^ 2.15 






(2-hydroxyl - propane - 


1.2.3 - tricarboxylic acid) 



t_Sjxj CjLj j CjUj£-4 (jj^"^ V jl (1.15 (JSjill ^ajl) 

(Tricarboxylic acid) jjj^I o^ 4 ^ 'Oj- 1 ^ j p 

Aspergillus jJaiSI (J ^tij] i_iLuSj£t jSlj tjjAjUl t> aALjV! 

<> cjUiijjiaJI jac. iiAjIaj .(Citromyces c£i5i jjc.) wger 

15 "" la a) ^ja. ^aajll Ajlaxl ^jjjoJI j_jiajll ^1 ^ i '<~\\ n\\ (jjall 

.4j>ji tj^j ^uii jr-tnyt t> %95 <> j&\ 
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liLjluJ! (jlxta, ^£1 jj] Ajjja J) aft 11 Ljj jLujaSI J <Lujj2u«»Il CjV^-uJI 1.2.15 

Microbial strains and biochemical pathways of citric acid 
accumulation 

(jjj .^4. niger j^s\\ oji^^ o^a ^iiaJI liLjiJI ^pa^> - 

ojjj-iiJ <Ua all CjV^-uJI j!i£l (jJJ (j-a c?* _>JaaJI I^J AjC.1 li all dV^-»JI 
<LaJiILuLal! AjiJjl jJjoiVI ASjx-a ^j-aJ La,a AjjJaJI 4jLsj]l (JLa-a ^ tAj^uj 

Cllljiiall J_>*^ tj^ 3 U' £-*J - ^*J^J^J ^^-"Jl ?.la!ijl (JaJj-a (J^Lk t-$Jj& 

<_£aaj j3 JJ lillj JajoiJ j t<;l«jjl£VI dal J.'"'* 1 - all (_Jj3 (j-a Cj^juij .23 

tAAuiiill <LiLJI cisUajia j t2 — desoxyglucose j t j^.oll ^ ajIUJI jjSIjjII 
qa I&jjcj jj^ull cs j : ii.jji^JI *ajllj t(Fluoroacetate) cLuh^l jjjIsj 

.23 j .l^jc ' LuSSj ^] «Lj&l *'■ alt 4ij*-al] ClAjajSl j[LluVI oi& 4-LaAl (jl VJ 'lW J*-S' 
.2a] j . (oLj.il iaa.V) iilljj£_jiaJI (_pa-aa.j ii]Jlj£jVI {j^aAa JlLa t4 j . >i^)xJI £tjl_ji]l 

A. niger jLatt ^ SI ^is ^j^j JU^j Lipa. 

*n t(<http://www.gene. alliance. com/start.htm> jkil) 

t> « (Base pairs) ^^cla ^ jj QjAa 34.5 Jlja. ^ ^j^-j* 'o^ 13000 

. dll^a ^LaJ jj2\a1I £jLliSI as 3 (J^La. 

^>Iaj!) DNA ' - ll Li ■ a ^lAi aOj ^JalaJt CllSjll ^ dlLajlx-all ai& ^ajjiJ 

^^ill ' " it Sja SI ^J* 1 - -2xJ La Lj al 2aAuil (j^-aJ ^^ill I (qxj^ a SI (J' aiSI 

jjjIjj i jAAajll ^lajj i<liLaill jJ_aiaJ £-a L5jt LlL» 1 « aalaJJ aia j ^lijjl jl^La 

.jLUaSI <J*ill <Jj| j JJ j*JI 

Sjjli (Yeasts) jjLai. iic r^.^j jaa iA. niger jlaall 5iLiaVLi 
(jSl j tn-alkanes (>a liLjiuJI (j^a-aa. ^ o ^-iLi-a^ ^tijl ^^ic. 
Candida catenula ^1 jjVl jjLaaJI o^a J^uij . jjSjLJI ^> tjal J j.^-^i 
C. guilliermiondii, Yarrowia lipolytica, C. (C. brumptii, :lajL«) 
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<jj JlaJI jeA SjJ/«aJI O^A al.Whiil [5 jLulo ^ol Aal jj 4r0piCClUs 

o^a*. t> %50 Ji^j J o^J ls^j '(Isocitric) ^jLujjjVI ,_>a-aaJ 
jl ^-0 j) .aJJ ojLs£ n-alkanes JLmu-J s>c luaU. t^liall liLjLull 

^ia ' ' . limit I^J . (L_aliaJ fUaL ajjj liLjiui j'-"'^ Ajljj jfi-aj 

^jjll Ajllxi (j<a %1 ^Ija.) 2 , ^a-^ j ^ Ajllai J^-IaJ OljiL Jj>*J oAj^C CllVjla-a 

^.jliull ?\mJu tilbj t (2.15 j 9.2 JKJfrl J^V) Aconitase fjjft (csjJI 
.^j3lSisl (Monofluoroacetate) fnn'uJ jj^la jj j* si-ai 

o±u\ ^tijjj jj^ jM (Glycolytic catabolism) V 0 ^* J 
tCiijioill (Precursors) CjU j* ^1 laa.V ^Ijj^j (Pyruvate) Cjjs jjAjII 

.(2.15 l&UI) CjJjjjLJIj jlljSjVlj 

iiiiuJ jll JS jVl <jjj^ tsSla j Acetyl Co. A Jylaj ^ jjSiall C0 2 —51 j 
r^i.^l jSS j .(Cleland- Johsen Reaction - <>ua ja. - ^LJS Jc-Uj) 

i " LjJJ i J _all lHJ^ ^ lali aj CjLiLuia (JSLa j-a 4 a ■ '--I j a _alaaJI aAA 

(j-a sAal j 6 jjj 4_lau:l jj gjjj (Citrate) CjI jluJl (_£ JJaJI (jjlalll AjLaC. ,j 1 . IjUa^il 

^tilLj tC0 2 c> u^ 1 j- 4 1^* up 'Tricarboxylic <->' jj- 2 

(jl £-a j . jajj 0.7 _J> ' tij (jlu&£ _j_J^ II (j_JJ (j-a (jljll ^1 J^" 1 

JjjlaJ ^-a LaLaJ (JjSJJ ' L>° c?^ 1 "' J* t^* 4 *^' Jjj-aa-al! 

Sjlc. I i^J (Jclij 4^1) C0 2 '"'j/'"'^ J-a£-all <Jclij]l <iau:l jj ' - 1JLJ • al jll 
Pyruvate ^jjl AJauil jj :<_jjjaJI (Jjlajll (j^ljC-V I— I jllaall Aj j! 

4] Pryuvate carboxlyase ^jj^ JcLaj jli lillj AiUbVLij .carboxlyase 

J jajo jA La < 9^/La ItiLjioJI iaxa 1 ^ jja SI (jjlajll ^3 (_J jal ^La^a 

.(_SjaVl Si jill Ajiiia tlAjjlllt (y> Jj^jJI 
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t 



ljI j"tj< 111) 



'*j < j"',"' ,t 

r . 

** CO2 *- J ^* -1 ^' j^jVl •*• 



ujiUilijJI 1 a la .liLjlmll ^jjaJI Jjjlaal] li 1 in a u^aJi UUi. . :2.15 JS^iil 

^ j£ j^jj A. niger jiaASI ^ Pyruvate carboxylase ^jjl oj 

jxjl-i ,jj£iall t"in, J jll j£ j^l jli li^-jj i(Cytosol) JjjoijjjLJI 
^ jji.jjl Malate dehydrogenase ^ ji <l»^l jj (Malate) CjJU 
gtt-JI NADH _SI i> %50 ^j^j ^ ^ L« t (2.15 J^l) J^^UI 
JjjjjIiLuII j ji.j-a]l cjJ &1S (jjjjaiJI I^a jj .Glycolysis 3 jj 

Aj^ iiLj^' o^*- ^* A ' Glycolysis SI ajL«J ^l^j 

^bj^j j£ jiiUI Tricarboxylic o^**- JaUl s^cLouJI — ajSjVI si-all 

.si jill Ajajia. Cjljjl£]l ^ (Mitochondrial) 

^jJa^A _jA LaSj niLjiluill ,_J '-"■"*'■ JjjlijS (_£ JJ^. J ajSil jLuiaSI (jl (jia. (_g£ 
liLjauJ! (jla^a ^IjJ 1 ; Uu (jli '-iJ^. LljL^J ^ajClo t(2.15) (J^-^SI 

*j£9x jjc. Jj V ^Vi,., n B jjSjkll j> %90 Jl ti-y (/jVj* Jj.^o.i 

ClIjluJl <Uslaa_a]l CjLajjjVI V? (jl (JjluiSI J Ijjlui jliacVI j^J . <_J-alSJl_J 



595 



i_u*J (Isocitrate dehydrogenase J Aconitase Ji«) (Citrate) 

'ijjj J J^-J ^!J^ (JjV J CjjS jj j! jaj j£lj iiilijiuill (j^aaa ^»£l jj ^ ^.hjjjII 

. ']!") jC. ^"'^ j»J -^3 tiiLjluill (_pa^a 4jl aC. (Jila. 4 S i nl aj a liLjlui jJo«i 

(j-a jiiSI j! ja.1 jl tJjjSj -jk»y; jja. j jA YLaia.1 ji&VI jl .aIAjuiII diblaicVl 

^IjJJ Aide. <U jj^J jii t 4jj ajl j! AJajml _jj Cljjluill A aJaa all CjLajjjYI 
AjlaC j^i IsjU (jj^J j3 Cjl jluill ^»£l JJ jLj ji.1 \jjii VI alaj lilljA jl £-a j . c^jjOluI! 
jj£! (Jjj^alij t _ylc J j i SI j£^jj I JA ^qjalill A t . V-il -> JJE.J a *' ■ aa a (_£jja. jjlaj 
ClLial j*Iu:YI (_>a*J j-a 'l&J-a (J^ jliuiV <Laj£all JjVjII j Ailla all 4a.jj£all CjUESU 

• (6.15) «■ j?JI C5^ ^ a ■ *-»j all j a jj.uii<ill Axalxll l_J_aajllj 

4jj| ic- (jiijjl Sfl <U&wiIjj liLjluJI ^j?ii>^ >£l jj -jfc** 4 2.2.15 
Regulation of citric acid accumulation by nutrient parameters 

^»£ljjll IjA JlLa jli ' " A „' aS 3 ja£ljJJ (jl liLjjauJI (j^aaaJ j£»aj jja. ^ 

(JSI jj£ljj J_ja.j ^-a ii_ll.lall jja i aaVl j <H + J 4 jjJJ^ll j v j-a Jjj! j jjSIjj 
^gi ^4. niger j-aj eljjl tAjbjLaJtj .(Cjliuijsll j S U* . utl jjliLxll j^axjl c _ s J!Lai1 jps 
j£j jl iLlls jj^J liLjluJI (jlaxa JJ jli dlLljiaall «.LajV (a ' nl ( _j c -jj Jamj 
& jj i_a^lli.U (JLaYI J j' alt ^^Ic J jj^ail Ajjlla-a]l i—Sjjlal! I ataaJj .Lajj*-a 
CjULaC. 5JLa. jjSI A^LaAl CjIj jj£j t_ajjla]l aJA jlj i(sljjl Jaa.V) jxaa^SlI 

.sljjl Aa.jjiiba]l ^JJ all i_ijj]all ^LjJajJ (2.15) (Jj-^?JI .»JJ-ai-all dlt jJxallH 



dijluJI jrUJsf ,^21 Ja j>JJ 2.15 JjJaJI 


120-250 


^C. j^ i all jj^jj 


<10" 8 


Mn, M 


<10" 6 - 10" 7 


Zn, M 


<10" 4 


Fe.M 


>140 


mbar " ''1*^1 j^.xfy! 


1.6-2.2 


PH M^ji 


0.2-1.0 


jll/^c. i jill 


>2.0 


Jjl/^C. ^» jjj j-aVI ^!iLal 


160-240 


<C.Lu: 4 j-a jll 



596 



Sugar type and concentration JjS jjIIj jluJI £jj 

^■Laj J 4_i*aI J&VI jL«^l jjj^II j^iJI Jj£ jjj ^ jj jl 

oj_OAi-all dll JJ""~-"^I AlLi. J ^-a _a&J iiiLjJjjJI ;J ^^jj AjiaC. 

o^-aj (jjll CjLjj^jJI (jj .^jaJajJI ^tij^t cjULc. J tSlliS j t (Submerged) 

^^jll -Lis jj£_alaJI jl jjjlLallj i jjj£jaill (JiLa Jasll AJajqil _jj 4£.JjoiJ 1 g fl'lft 

. liLjiuill (J_jjLa ^IjJ (J.lx-8 j (Jlc- (Jj' aa aJ ^-a.uU 



liLjluill (jIxaA ^H2V Oji^fi J-it^*^ 4lttluL>fl aLiJI j| jaII :3.15 Jj^Jt 


(Cotton waste) Jaill t-iUk-a 


^^jjjVI 1^ ' all (_hV ^j-a 

(Blackstrap molasses) 


(Whey permeate) j5>£ll ^jaU 


jLJI < 

(Cane molasses) 




(Brewery waste) S jjJI ^jU-a-a CiULL-a 


(Bagasse) 


* * 


(Sweet potato pulp) s jkll LkLkJI lJ 


(Starch) 




(jjibUVI ' " i ala, a «.La 

(Pinapple waste water) 


(Date syrup) 




(Banana extract) jj-ll q^IVu^ 


(Apple pomace) 





j-^ hll (JjiVj^s (JLaxiuil nij tljH-a». (_£^>a>J ^^ill Aj&l ii oil llAAaxll (_J>Li. 
(jj^J-a]! t _ ? C il£ (jl Laic . j_jjj£ll jAk^a] ^La> -llj^£ jSjjJI i ■ 1 1 j (_£j£jji]I 
Jl JJJ^J J- 43 " U"° jl 'J 3 ^ i^ya AjC jill J SjJJ^ CjlsiliaJ jl^jgJaJ 

i jjjU IgJ t _ s ^lj (_>^ J" 4 ^ J oJaJ jilall Cllljj£-all (jx J^c aja uS ^aJ -ill . ^.\ 
(jVI ia. Jj -la. JJ V 'l-la. ^a«-a J^ll i_Jj£j!il! (jl LaJj 4(j£l j tiilljluill (J^aa. ^llij 
AjLaC u& Lj "I laJluiV AjIjVI s-iLall jLiia.1 jji il-l^-Jj .AjCjjll ~JJ°"^ 4-alc- Ajaojljiuil 
Jl 5) 6 J,'« ' all > ja ~* St till j '"'I jua all J L3jl.ll a J°J^ Jc- (Jl jjV JxaiJill 

£LJ^all -I laJLuil ^aii ^£1 AJJ^J **-^J 'A^?- L>"^ J" 4 ^-^J ^3*^ ^° W^^) - (10 ITl^ 
(_5_ji.l (Jj'-^ Jl «t"uJ Ajjl£-al j;"^ all (_gj")nmifl Jc j iilli£ Cliijl JSj (<ULaxll 
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(jl£ (cill jjS jlaJI l^jljJJ J-jiid Jjl^ll si* jJJ (2)* j .(3.15 J jA=>J1) AjI j! j| j-aS 
4_uuJijli]l Cjl-lyid]! I ■ Ujoij _La3 a ialait CjLj'Vjil 4 La .la. Jl t4jLa»,"u.il j- ojSj 

j| (<ULaxJjJ Jc. la» 1 ait j) j3 jj o-lLj 1 ■ lluij JJJtJ .12 <a. jiill li& (jl VJ -IjJJjl 

. jj£ jlaJI Cj! j^jIjj Jc. (_£jjao «* ilia a Cj^Lia3 

LJlc (jj^J t^Jj^JI lP 3 - 0 ^ 2"^J J (_Luujjia1I U_WJ^ J v j^J^ uj 
Jj^aiJl ijj LaAic. Ljikia jOjj ^iil t(jj]/^c. 200 t> jj£I JJ 100) 1.1a. 
j^- —« (jl Jaa-jl .13 j La£ ^ J ■ ajSI (JS^iiJ ^^aj-aC- ^j!ila Jc 

(j^i (Jjj^aa-aJI Jaj Cilia t Clll jl..iilS .IjIJI ^lliVI -J^-''" 1 AjLaC J IjJjlj (j_aJ^£ll 



100 (> J Jj j_aJj£]l Jy^JJ J^J La-ljc l£A? (^E./^E.) jj^jlaJ! 

(j^o-N (jli jiiy^c. 50 (j-a Jai jj^jj uj^j LaAic. j .(3.15 <_l£^l) 

.1.1a. aLIS liLjijaJI 




CjV>« JJfr) Yps t/jV>*ll tiLjluJI (jixia, Jj).fi-> n J jiuJI jjSjj jjjIj :3.15 JtiJI 

•(j^" d>»/d>«) 4j>^l o* 1 ** 
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j£ji j liLjLull ^jlaaa ^£1 Ji jjj AB^iLstlS J ajSlI (JjiLuiVI ^J AjjuuHj 

jlull JU11 Jj£ Jill jli (J SJ 

-Ua j^uu L-Sjjjo j£joi11 ^1*11 jj; a^ll L_SjjIa lllaj jj£jlaj| ii.1 ^ 'ajljjll 

^Jc J jj^JI ^ jsj .Trehalose 6-phosphate Hexokinase ^jjil 

jLjj-all (jjaJI lgj-a i— aii. jJill A.niger cli^Xui jj£ 3iLLa j* AjjJailt aj^l 
^£1 Jj J.i*-a ^ ajLjj cjj^Jil Trehalose 6-phosphate synthase fjjiV 

jli tiillj ( _ s -l c - Sjvlfr 4 . '--a-i- t ^ j£joi JJ J jj i J^. lillJLalll j'-^^ 

j£l jj jJjiiJj ^ ji (F2, 6p2) Fructose, 2,6-biphosphate SjUI ajLUI 
Phosphofructo kinase ^jti jia-a ^jal F2,6p2 j] .jUI j* ajJI& 

•glycolysis —11 ^JSII jiill j* jjjj jS ^ill 

Trace metal ions ^Lli^l AjjjauJI tiUjjSfl 

s jii iiaj i_a jjxx (Trace metal) ALiJall jjU-all ^ joijll JiVl jj 

IjA jl j-a f^-^>l' (jr^ t<tj> -^^*' JJ ""*■"' t"lljl.nr. (JuJjjIj Lluijjj Lliioi jl£j ^Ljla 
CllljjlAiall ^ 4j1e. jA La-a ejj-ajoall dl) JJ aaJill ^ la.j^iaj j!i£l jA JJjUl 
2 jjj ■ all 4jHjla1I CllLjjjVI £J-aa. jl j^*- .(3 — 2~ 1 5 £J>JI J^l) AjaJajoill 

jli iA.niger j-ajl ajjjj^ jj£i (Co, MnK Cu, Zn, Fe) <jjU&VI 
j£I jl Jajuo jli j^.1 jij jl L-±aj — Zn +2 tFe +3 iMn +2 Cj! jlLj — l$j^a*j 

Cllljjjl JJjlj jl VI tiiLjluill j j-a Jlc- jj' aa a f.liaE.1 (Ja.V j-ajll ojji-a 
Jljikl (_5JJJ 2(Xg/l c_gjJ.uL.aJ Jj£lji jj I - ua 4 jS__jll CiaLa CjIjILj Jnilall 

Igj jJ ^^ill tAjjjat-all CjIjjjVI JlSljj jj .%20 ^IjaJ liLjLaill j'-^^ ^£1 Ji 
(illj £-a I g jSlj iAaUa-a dluijl tAjllc dAxtt£j ^£ljJJ jl liLjluill j'^^l j^- 0 -! 

. CjILui jill Olalljj t^ji.^1 Cllljai-all (JJ IgJfuiJ ^gic J-aJ«J 

(iljJLull j'--"-^ ^l^J CS^ J^3^ (jT^' Ajjja-all Clllj JJ^I j£l J jl LaJ 

jli t jjjj£ll j 1> axl Ajllxll Jl£l Jill 4 SajLuljj Ja^u jli ^Jj ^^iajc. <J£j^ ' M i aJ 

jl ' . ..' libjijuill j'--"^ CllljJAij 1 g "I l^J i al jljj j^ill jjjj^ll jjL^a ^J-ai> 
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(jjjiaJ I^A J-aC. j£-aJ .4-lil*-a]l CjUjjVI (j-a UJ^ ' "'J^ .' 

oAc (J-a*2uiJ (_£.i]l ^jjjli]! (JjLnll Aiajjil ^aj jl t i_iilui 4 lajqiljJ :!/l!la t<atia a 

iill (jjoVj-a JlLa tAj&l ii alt j_&Jj£]l j il i a a 4_jajj jj • jj^ M^J^ £-' a 
(J-aC. J!>Li. (j-a s^lc. f^g&J tA^La&l jj£I tj£jaill L-b-^aS jl (_£_)£jaill 

IjjjIj ^oij tla^V l^jjjjjjj t(Ferrocyanide) ^j^JI -iuLi^ £-a ciil^a«-a 

^lilj _aA> Jj^ll .A niger ,J liLjluJI j"--^ 4j j^all (_>ajVI <AaC ^ l^jLa 
Jaj ^iaJ cS^ (Copper) (jJ-a^l 5iLial iJJjia jc- m <liLia]| jij<-all jjjIj 

ciiV AiLial (jjjla jc. jl t(Mycelia) LkuiiLa]! CjljjaJ; Jj jjj*ia]l 

Ij^J £jLa ^Ji .la-JJ V jVI .la. Jj j£l J ' SjJ i tall 4jjjx-a]l dllj JJ^I j^JJ 

4(— liljaJI Ja*Ila JJjtill jl J-^J J' aLo <_l£xij Mil U^J^ -^J 'Ptg*w 

+2 £ c 

SjjJ J!iLi. jjJJ^I (j}9J j-a -^JJ Mil *~ CIsIjjjV e a la ail jjSI jj]| jl iaa. jl aaa 

> 'it.^ijj 4 A. niger Jaill LajpLlI ^Lic t> j-^j 'Glycolysis — M 
<LuLu jjj^j J (J^-^ J^ Iajjoi V 4 diLjij j jjII ■ . uLj i(DNA) l3j^"' 

jjj jjJI a iaaj J ajLajll jj . (jjiiiill t 't\ r . >ij Jj (_£JjJ JliilLj tAjjaiLiall (JjAjjII 
ajjjl jiaj ajJ-iJ c5^l A_iLiJl cikb NH£ JJ^JJ <^3jJ 

F2 t6P2 jj^jj o-iLjjj Ujjia t jiifoll Ii* jj .Phosphofructokinase 
aj_pl J dyjjjLail] JaAall jjjIjII -i»-a (J- 4 *^ <— ijjj t(o!)lcl ji»jl) 

S^ft Jc jjji^l jj^jj ji.VI (ji&AJI jjjhll jj .Phosphofructokinase 
(_5j$_kJI Jl^ill ojjjIj j& ^Aspergillus jiaall pi 

Clil&jijj Sjj^c. Ciljii Jc. (_jjlij jjiil*]! jjjV ojja^l • jUoU 

^caiia Jliij j^-Iaia (Vacuolated) Aikla U^Li. jl (Jc. ^ j^jj 

Ji£l Alalia CjLajk-a (6.15 *j?JI) <33>a]l Cjleljall 4-ajli .(4.15 Jlill) 

. JLa^all Ii* ojjALall AjaIsJI CjLjjjVI j£ 
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Aniger j liLjiaJI ij^aa. ^£1 jj <_g ja.VI 5-jj^«-all cAj jjV! jjjIj jj 

lilliA (jU (jjLalstll (_pa*J ^^C-^l : Jyiij-all <JLa. ^ 4jlc La-a la-jj-iaj JSI 



pH 



i(6.4'4.7t3.1) o^o'.ll pK f£ ^jj^j .2.5 t> l$ c? iii.jjii^ll ,»ajll jl£ lj) 

<;La£ i_±uijj .lie. IjSjjLojJjI (jj^J 1.8 oj^3 t gJJa. j j ^iij Jjj-ajll (jli 

S K ^ ^1 !)la l^lj AjjI^ jI j-a ^1 mW*-? -^ ajal ^ cs^ '■• 1> 10 

.4_Liil1 sjA J jll 

M 1 




o^ij i-ajja (!) ^Li Aspergillus niger Jaill AjLuuM aS^1\ -.4.15 JiuJI 

50 ^1 jauu fjWil! ^UuaS .(0.1 mmol) Jjj«-L»Jt (-ijjla (lj) j jAJLi n fl 

JLuJI j*2u) (lj) jlajjSjLa 250 J (1) ^ jlajjliLa 

M. Roehr, C. P. Kubicek, and J. Kominek. "Further Organic Acids," 
in: Biotechnology, 2 nd ed., vol. 6: Products of Primary Metabolism, edited 
by M. Roehr (Weinheim: Verlag Chemie, 1996), pp. 364-379. 

((_5j£^ull J^ul! (JjjY 4 Jla) A Xaat l uLa lt jjjj^ll j jl i ri *\ (_pa*J (j\ 

^jl! (ClLalj _jla. (_)^ai.Vljj) AjiLal (_usaLaa.l SJC. ^ja 4 ■ a^jata a lllt-LaS (_jl c - (_S _alaj 

i ■ lii ii (jl .5 j 4 (jJJ ^'n-^ jjAjA ^iij ( _ ? lc. 1 tail n iaujl! ^ L?J^ (J- 4 *^ 

(jiu& Jin (_£^)a.VI (_paLaa.VI ^IjjJ £ia ji> (J inSa J a ^ jja jjjjA ^1 4-a.lail 

aJUII jjSIjjILj Glucose oxidase ^jjVl jaajj .<4}ll j£ jVl o±**.j ^ jlaJ! 

J aa aj ^1 t(_5^>a.VI dlUji-all (j^s iato ' a jj^JJ -2 _ja. _aJ Ajjall Ajjgjl! j jjSjlail 



601 



(J jVI JJ^aSI (ei ^ «Ja (jjSllui l.i£Jj ciiljjiuii! (jiaaa JJ"--"'^ 4ja.jjAii! i_S Jjlail 

jjSjiaJ! 4 <ig <i CjLiaS (J^J^- 1 jjj cSA^**"-? tiJjjiuJI (_paxa j<iij] 

j»3jl] «LJajC ~y gj i a3 Ajla St ^jli, frlj^^ ^ J"° ".'J iLalc . cdjjjSjiaJI 

<j-° J^l J) ija jj-ligJI *3jSI ^1 ■ o£j (J^ <— Sj"-" J ' t^^jfi-^ tf 'J^jj SI 

^Jjj ^jc tdjSI jSjVl o^ 3 - 6 ^ ^- n ig er lP 33 "-? "^1S^ -3.5 

\\ IaA (jj^J 1 . ' . Ujjjj L-JaJ c6 aj.iii ^ JJ 

;J *•*"■** Oj"^ liSI jJxiil 4jjl£-al j£] j < ■ - 'j'j 1 al jSI j£ j^U jLaSI jjlajll 

iA. niger £y» SjalL 5JXoi jl .i*jlL«j J *-ijjia ^-^j (Glyoxylic) 
S jii iOxaloacetate hydrolase j Glycose oxidase ^.j^ S^SLa 
o^A ^-lliVI (jj^jj '5 Sj^a u'.'T' jj i^Sjji"JI ^j'—"^ cs^" 

(gjja.jJ.JjA aiij jci iajaij J 4jl Laic . jjjiiall dlljjjY (JuLoia. JJC. UIS i_S Jjiail 
JituJ Lia iMll + ^ AiLkial Ait liSjjioJI j'-"^ 'ojiiaSI a^A £tijj V ' j'-""*' 

.2LflU. i_i jjks iaijjj Mn +2 ^jUc. Jl A^.UJI (jl Jl 

AiUa CjV jaaj Aiilc. <1 jjSL j3 pH SI JJjtj jl £ Jpil jaj ^rj 1 ^-1 jJ liSliA 

Ajjj^aaJI ajLuJI <jV i A. niger aJojuoI jj CjI jLuil (C jjaJI jjli^SI (Energetic s) 
ATP 

(jjU'B CiULac L-iLuu (Trunover) 1$j1sj *jj ( JSB NADH j S^a.1 j 

NADH lajja (jx «. ja. a jjjiSI ojltl (jS-aJ Aj) jjja. .AjjLaxll Aju-uII Cllli / C jj^JI 
(iJjLal jSjjilA Ju.i ilLoj a<a S ^j^ 1 SI 1 najdSt ^jLuLaSI jft jl-uui 4 Luail jj 

^jU. pH ajc 4ATP iJII^j .abi ^jjAaJI (Salicyl Hydroxamic) 

^^Ic aa S3 tSllij t^^pLSI «.LixJLl Jaiij-ail ATPaSe ^jjVI ^Jajail jj t^j^ikia 

4jSa SI ^ jli. Jajjjllj (J jxa jJjLuiSI (jjj pH ^ J-2J 

Dissolved 0 2 tension ^aJxuifl ujIIaJI oj-> < aSSfl x« 

(2>« Ajli I^JJ AjJgJ liLjiuill (j^aaa (jx '^W^ j»£l JJ Aajxj 

jJjSjjil j -ill t_j jUa^i]! lillj t _ ? j : cl ^jja 1 a£l JJ JJ jl AjjI Jji>J 4_5JjJkiail 

jalj .ajj^jSI S^Lijl ^ j jSI iau: jll (J (jSj O2 S jLulo j^ij j ^4. niger jjaall 
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(n-Dodecane) %5 Ji* aH^Vl Jal jj JLwiJ Jj AjjiaJI jjjIHII djlil 

La£) (jj^jjSiU ^JvlLttll xJaSj (jli AjaAj (jx (jjaxaJI ^^j U..' "^"'^ 

^tjjj AjLoc J £-X^iU Jjli JJj^o Jj ( Jl?J$£jl jLiill pi SaSjl .lie- dllaJ 

Sjlcj AjLutl <Jj-^ ^ ■ jLuia JjSaJ jjk (Jlc- i_l!ia jjj-^- i aSI jj Ajjja. j aj£ il 

^jal j^i jjUi jLuiJI 11a .Glycolysis SI 3_kJ jj ^Hal! NADH 

J^U j*JI (Enthalpy) cs J jaJI lS jSa-B J £J j^t up .ATP _J1 

■JSJa-l .^lliVI ' ajfl S (j^s 1 flg a l«-J?- (-A^ '-^Of^ (j- 4 AjIIc I -JJ JaJJ lilijluil! 

jjjjj SJjI jll Ajjii-ajl CjUsI^aII 4j1 Jj ^ J - oalall jjjjjjl 2wt.,.«tt SijU j]| J 

.^J JIa ATP ^Uij Jj aj>UjI 
Nitrogen jjajjU 

V j . (Urea) IjjjJIj (Nitrates) diljjjSill j tU^aS/l ^Xol tdjj^l 

.pH —SI SjLjJ Je. V J AjLuia dlbA jl£ lalL 

ji^a Jj 4j>U. ^.jj V AjSf 4 (Defined media) LjjL^ 5ij«-aJI Jal^jVl 

Aj^.Lj J-a .J_oJj£i] jAi-a-a£ J-^ lj]l (_yi^ ya al i "I Aic. Jja^jjjj 
<jLa& Jl^U. a jjiaJVI CjU jjV Aja.jlaJI AiLjaVI jl Jj j-» ^ 

.dltjiuul ^^jjj AjLaC. Jiaj (iiijjjuJI j'"-^ ^ajij 

Phosphate cjliw^l 

.Ajc-jJJI iaLuijVI J t-jlL-ujal] (_paikla Jj^JJ Jc- Sjlc 3 Sail - all aJJ 

^JjjjJall (j^ljt^aJI j illliui jail j (jJJ> jJiiSI (JJJ c _ U n\ LaJI (jjl jj]l (j' S-aS 

.(Batch) A*ajjl £jlJ-« J ^JiuJI o- 3 - 0 ^ 



603 



Production process for citric acid 4jj^' jr^j kAac- 3.2.15 

«La iVu nail Jjxallil ClAAaC ^ya jUllk-a jlc _jj lilliA LuoLuit 
• (5.15 (J^ 1 -^ oj^-a*-^' AjLmlSIj U, Jl AjLajJI LaA j iiiLjluill (jjaaa 

(_3^)jj JjJ ;j '-— » ; ^ (_^aai.Vljj tiilljS 2^ »J <a ^ lift (jli tiilli ^1 AiLiaJ 

sLluuiII (Solid-state fermentation) \A±A\ 

. (Koji Process) <>?.j£ ajLc. 



j>mL*I1 j; -* * tt 



T 



♦ 




i 






cr 



T 



'1 

■ ) 

I 

i 



Sidy 



v 
♦ 



:4Ja2ljAj ji n\l jjajfl <Uxu>Ijj djjluJl (j^xtA <Ui«J i :5.15 JiuJl 

M. Roehr, C. P. Kubieek, and J. Kominek, "Industrial Acids and other Small 
Molecules," in: J. W. Bennet and M.A. Klich, eds., Aspergilles Biology and 
Industrial Applications (Reading, MA: Butterworth - Heineman, 1992), pp. 99- 
131. 
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(Japanese wheat bran process) ^jjUjII ^JaiaJI <Slkj ajLc. jj 

t4 l—i "i — , 11 SjLiJ jl UaUalll c.Lij dliailx< j-a 4 j . jl _w 4_iLut.ll o_ufc a la>_t___ 

i AiLiaj (jl Laa .% 80-70 ^-jla <_£ j_a__, j i5-4 pH 3-ajii 1-1J__ j 

jlaJI _>a__a. j-aij <j_i A^jLill ^Ju^all a£*£ jl a-amylase Jl« 

^ ^ejUII ^^.j-i AjLoC J ■ aa all aLI 8 - 5 . IgJ-uli Cjiiijl 

.*.LoJI aI______Aj __Lji__ll i_pa-&^. _>->^ ^ i J aijj (Percolators) aj&j! 

^ Xac t_ilkjj (JiSI ta^aVI aSjjLII ^ U,„ll jj^-.lt L»l 

(_Jj3 (j-a t _ s J^J '(jVI .la. - laJ i ""' dJIj V 1 g iajj iiiLjiuill (J^aaa Jlx <aaJ 

_jA tilli ,j t _ s jaLjJ^)]l ' ■ Uj-jJI (jl . liLjJjoill (jlaxaJ jjj i n/l_^l (jja IlLajl <a» J 
IfriljJ uia tAjLaxll AjIIxJI tAiUail AjJaSiiall LlAjlkLall 

^ lajoilt jj-v .XSfl .iiS aJ <J CAi&iaiUj Slrt.utl jjU^aJI CjIjjjI 

Of.jLa-a <jj^a (Trays) (^iljj^a -1 lazuli J o^lc jj-aaall i"<ljl«r. (_£_)aj 

Lg ^C (_£jiaj Ajjjj^a JS .ajui 200 J 50 (jJJ ^jljJJ Jj-aC csA' LS-^*- 4 ^ Joxujllj 

^ t^jl j*-oJI ^JaJ (jk. (Spores) £1 jjVi £ jjj j ~ku.jll Ji3 100 ^1 ja. 

.ajJ 15-7 0JJ2 JDLi a ^11 jSjoJI (j-a fC-jfZ- 0.9-0.7 ^jlc Jjj^iaJI aJJj 

i_LulJ AjIIc dllj JJ^l 4jjCj-a j_oA*-a]l UAaJjt AjLaC. (jl 

<Llja]l (jjLuall tllU jjV JjAiill J±fcJI (jli 4t*S]j £-a jSJ j 2 V.< A\ 4jLa*J l^LopXa 
4jLa*JI Jjljj talaJI AjjI JJJ^SI ^I_oa]I ^ eJ ja. j-all t5^>a.VI dlj jLallj 
(jj£j (jia. 4j^aLa il^jjljj 4jjt i ^ (^AJj (jja^uia^/l jj^-aj dlljjlijllj 
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2 * <"il j"*-- cl\ (j-a (jit _jj t^Hl j .OJjliHa <1a«ILuia]I CllljAlA _JJJ^ 'S? 4 -^ 

(_> l-i^all Jjla jjc. ji jU'i.^j (jjc. jilt !5lSj .(aerated towers) 
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(jh fit jLuJI J*" 3 -^ .tSLjluJI (j^aaJ AjaJjaj j^'-^" «Uiafr ^ 0*0^ ^XJ^ 3 ; 6.15 JiuJI 
iL^jjAi .(-.-) jLuJI J (■■) ^JJ#aJI j i(-) A^j^JI ^jlj djjluill djjluJI 

t> gm/1 115 - HOj <JJ#»JI iJLaJI 6* gm/1 12-8 ^ J>uaaJI 

.*eU 280-250 J^U Jj>- 140 gm/1 <> 4jj1uJI qa** 

t<Laidlttj At^alaj a jj> o3 (Hyphae) Ua jji. Ojlill ^Jjll UJ^! "'j^ 0 - 0 Ua<aj 
i_bojjJJj ^cLij j2 ^Jajoi dll j (0.2-0.5 Jj* 1 ^ <— (J^-" f^ 4 - * "t - '"' 

jjfL j^olall J£jill li& (jl ^alj .(4.15 J£jill jiajl) J ■ SI <&JjoiJ 
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■IaJxJ Ajlj 40jjA3L-a]l dll^J-baaJllI al laHml J (Jit J j> a CS^" ^ J' ^ ^ LluiLuil 

0.9- aj-^ ji$j ^jii-o Jc- J J' «*i*>^ •(j^-ajjy^i jjj^i Jji^j (J^La. 

.(6.15 JSJai) j»U 10 Jj 7 *u kg/kg 0.8 

ClIjjLaaJill ali lVuA j lilljj tLjajl jjLaaJI 4-lajJjJ liLjOxuI! (_paAa. 

jj£jlaJI j) Il-alkaneS at ikluL La] ejlc. ,_sja_jj .Ljj^aa. sjj-ai-ail 

«.lja.l AjLaaJI J 3 1 ■ all 4-JjYI 'i-SLJI jl . jjJj^i] jAt^aS 

t_Laj tSlli dlil .(C20 Jj C9 Jl ja.) aIuiLuII (Paraffins) cjlijaljLJI 

j 0.0001 jjj iaxujl] P/C ajjou jj^j (j! s^ajj 5 (jja pH 5-aJ Jc JiliaJ 
6 jA c^i! J 1974/1973 J ctfja. JJI AxJUJI JaaiS! 2uJ J ,'Ut .0.002 

. jjj^£]| j J i a a (_>^aa.jl I g ija li j£jji]| jV LjjSj J£ (JSjjiJj AjLaxJ! 

AjLttJU sJllc- 4 1^, U i .'li t"llj]«T]| (j* liLjluill jkai j a*^ aJ • "I Ajlafc lAij 
%15 Ja. Jj Jr'^' ^ c _Jl1I ULoilLajl bail JuutJIj AfijjJI ^ja ^"JJ 

oj_OAi-a]l llAjLaadl ^a ^cjlill ajjllioilLa]! ^Jjuijp Lai .£CJXa]l liLjiuJI (j^a-aa. (j-a 
JfLlj 4_u 'rijc jcjI _jj CjLuj£j AaJdj ^Jjuijj Clll-lC-Lui-a (JLajUjjjl ' ■ lllaJJ L-uli SI j j£3 

^a. Aj-a 4-a jlla y i .*« (Polysaccharides) .ia*l«JI jLuaJI J ajLU aLL 
(Lime) (_>uK3l S-iU ■ al ■ to-ipc. tlsVla. J j .AaalaJI 4 Li J jj ■ ^..^l (j^sall 

(j^xaa. (§1 i_JJjj jol (C-ii-ajl (JJxJI Jj 3 e <_gjja.jj.llA a3 JJ 

(1) : 4-LmLml (jja CSyCl Aiajoil _aJ Laj^C. liLjluJI (j^aa. a^ aljuil aJJ 

.JjjVI J^Liill al ■ a a ij (3)j (_>a^LaluiVI (2) ".'.)■ " j" 1 ^ 

jll i .'J* 1 "^ alAajjjlj (_^a!vLklujVI ^Ajja (jJda.LJI J^c. ^JJ^I 

ahji0 jl (Alephatic) 

t> .(Phosphines) cjLuLjoja]! J (Amines) CjliLaSfl J (Ketones) 

f.lAi]l dlUjA (JjS (j^i (jj 11 ■ aJ AjLaC. Jl ^liiaj d ■ alalluiAjl ^I_&a]I (jl ^kial 
4£._)ia Cllljjixa al laluil j liLjluJI (_pa-aa. ojjlj (_5^>aJ tlj;ia.l .<l_ja-aJI f.lj^]lj 
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(Critic acid elall ^jtJ tsJjjLJ uj^j t> 

S J CjU. ^c. bjjjl <^a cr^J^' cSjW^' £ j& j 'monohydrate) 

cjU. j^j (Anhydride) ^LjUHi o^**^ u_Aj ^ 36 C° <> Jai 

Citric acid applications u^-** tatluki 4.2.15 

t5ji.Vl a^jjJI CjliukjII lU^jj .(45%) CjLjjJuII '(jJSII jr^V' 

<1 J US .(Jl ill! Jc. %19j %8) A^li^j ^a^ 1 CjUU^I 

^jLo 4jl LaS tAjjiuall CjU jjVI ^ L . J _jj s jliaJI UliuiS ija (Ascorbic acid) 

.pH fJS t> £jJj c$A« Jc [5 

tsljjLuiSI (j^ai. (Esters) CjIjlJ jl tt*Ui J] AiLjaVL 
.Ajlya jjc (plasticisers) jjl^K UJ^aaJ ^ill j cjV ^Jj 

^1 Jrkj ( « : iaj (JiJI t^ill 5^aaU. ajLaS (Trisodium citrate) ^ jj^ ajjX 

. jU>Vt A£.li^> (Emulsions) CjLkiui*ll 

j ^^-alUtS! ^lliVI ''J^S I - 'I J aS J Cj» lilljluJI (jiaaa gill 

niger jiaall i_ iljx^j 2 U , „i jj ^LaSSI ei* -k» a (jl j cUjiui (jJa 900000 
.(28%) ^La^JI IS^j <41%) 2lu>JI IjjjJ ^ '^M. jS JSj 

Gluconic acid dojjSjlaJ) o^ 4 ^ 3.15 

^ jj AjLa*] jjiUa jiia Jauul D-Glucono - 8 Lactone "i^La jj 
UKi j t(Dehydration of D-ghucose) jjSjk -D jS^JI <> ^ jj^l 
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pH a-ojS ^ J jk^ll jaJI (j^JI j Lactone —SI jjj uJ -^^j 

.0 jl JiJI ^J>JJ J 

0 u3.4^. jail jj AjWJ Ajjj^JI 4JUj]|j Ajjjaj rtjMI j AjAjjjjjJI 1.3.15 

Biology, biochemistry and biotechnology of gluconic acid 
accumulation 

^UkU Lj&jSI jJj t (Acetic acid) <AAl1\ j^aJ bjjijll £jlj*ll 

tCjLjjLall k+Ali Lai .Pseudomonas savastanoi ujpjjJI ^ 
tiiilj a*j .1922 aIc- ,J A niger 4_kJ _&j j£ jlaJI (_>^a. jjjSj Jaa. jl jia 

AjSjSa j al_4jJI <jj| jj i_jljjl£]l (j-a aJjaC ^1 jjl Ajauil _aj j a aa SI laA ^lluj Ja^jS 

'Vibrio (Pseudomonas LjJ&j o^^i (Jj^jUJI jljaVI Jla t <jj^aSI si _&jSI 

.Gliocladium j 'Penicillium 



D - jjSjlaJl Oz 
^* PQQ - I FAD — 

-PQQH2-- I ••-FADH 2 *- 



H2O ^ 



G. (!) ^5 iliijS^lsJI ^jjSj ^uj&l c^liUI :7.15 JiAll 

■A mger (v) j suboxidans 
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PQQ Ja ir i u u ^jJI t^LiiJLj Jaij^l D-glucose dehydrogenase 
Je- <-U«j ls^I t (1-7. 15 JSjill) ^c-Lui* f>jjjt£ (Pyroloquinline quinine) 

v>*ij V tNADP Je ioiu ^ill 4j1±J Ji.|j Glucose dehydrogenase 

(jjjja (jc 4_ixi.}A i"iij\flr. Jj iaa^J B (J^lj Jj o.jIe- (J^jj ^-^J ' ^ *' 

jLuw J .(Pentose phosphate pathway) jjujft cjlLuja jLi* c^lc-lii 

15 Jc- J^' M jj^J^?^ j*^J^ ^" J. '"'.^J jj-^l diliujj2 

2- sjL» jjj^j tSlljS ,x^aj ^ill) t3.5 (> Jal pH a^jS J& j mmol 
.i_s jjlall a 1a jjjIj Ctsj cdu j£ jkJI jAo. ^Ijjj I^jj (Oxogluconate 

(JauS j 4 jjjjjai jx CjLljlaa]! J lilljjSjlaJI (j^axa jJj£j AjlaC. ' flUjJ 

Glucose ^jj1 a_LJjj D-Glucono-§-lactone Jj P-D-glucose Si^l 
djja. 4 i4jj j^jVSI lP 3 ^- ojj^ Lactone sjLoII JL»1I J^l ^ i>j 'oxidase 
jjS jL> ^jjjl .Lactonase ftjjj' 3-Lj-uI jj j&aj IgJ jl LuiSls ajL«JI s^a aS 

jjasjl p^l J jliJI jl.laJlj Ijj ja. Jaiij^ t^jli, ^ jLi fjjjl -J* Ij * jl 

.Aspergillus Jaall pi jjl <J»J jj cs^-jj^l j^ Jj jj^ j <-Penicllium 

jAj j_j£_jia. Aj* ' al i a a jjjjjjj£/l3 jc 'ijljc. Ja jj.llui£jl j_j£Ja. j»jjjl (jj 

jj^-u^Vl ^iVmij c(Tetrameric, glycosylated flavoprotin) a UJ I 

jj£jlaJI (j-o AjIUJI jjiljjll jj ^jjiVI lAA jiaJ . (t_J— 7. 1 5 Jiill) Aiclij J 

cjLajjjVI jjiau ^ A.niger j^sl\ ^ .4 j* J&1 pH Cisu aJUJI ajj^I j 

^ijjiajj H2O2 ^ U. ..I ji jJtllSlI CjLaJ jjl jpi jjjjlj jjj jiiSVj jjJJyaiSjl jj^ jli> 

• gOxB ^iaLttll jJi>JI gjlj <* U. ..I ji ^jj Lajj t Aa.i.nla 

^3^' UJ^ Aija^ Jj ^ j.'" 1 ' J^lsti-o pH Jj A^LaJI J JJU 
jiiJ V li^Sj (1.2.15 sjaJI Jajl) 3 j-a Jal pH ftjS JaAj jjJJy-iS jl 

A.niger jl Lialai jjl*-aJI ^ .i_a jjill s^a J H 2 0 2 uj^ ^ Jj 
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g^lj .(H2O2) JjLaSjJJJ U^JJ- 2 ^' UU^JJ jj^jM' J-"tajl (itii 

JLl.il jl jab A.niger jiaill * jL ^ijjJI H2O2 SI <^ u-° ^-"^ cr*^ 

iiLjj£jiaJI (jiaAa. ^liiV jj"^*SI ljUL»c- 2.3.15 
Fermentation process for production of gluconic acid 

Laj a laJluij LyjSJ 1 g tj^-^ t lilli j£_jlaJI ^jlaxa ^L^jV ijj^ 3 ° -ic ' t —U_A a 

4ijjL cjj^iaj L«£ .4^5^ CjUjI££ Gluconobacter oxidans Ji A.niger 
jjalt (j-a CjUjjj^l J!>La. A niger jlaa td^ jM' lP 3 -*^ 
(Calcium ajAmllHI dU j^jl?. aJ-^ ciiA 3 ^ <UajJ _jj L.ii]sj ^j^j j tjjjJ**]! 
(Jj-a <SjU-o ^ ^ jjjuJl^ll ciiLi JLajtLul ,jo li& Lij jalj .gluconate) 

ajjjl SaAJJJ ^^Sc- j <aia j all pH SI li- 4 *^ 'Ljj J-^ (jJ^ AjLaaJI ' jxaaull 

La LJlc.) jlS/ j jSjlua. jiC 150~ 120 ^LajV I iajuj j t5jla_l 

Ajjj^a^a ' . iimj lillj j!i£l j^uJI jj^jj Cy ^ ""' '''' " 

. jiaall JjS <JjVl si-aJI j jjau^l 

jjiui jASI j^aj ^gjll ^!>LaVI 4-k^aLa. 't^E-jjSI iaxu _alS (_£ ja/^l CAjjlaSI 
(jjiSjtlUj . jiaall _a-aj Aiaj oJj^awa CAju&J iajj _jSI ■ al i aii tjjia. jjJjliSI j 

^llilUj t jj.'ljm's jl jj£_jla. ajjjl (jJj^J (jji iiiSjjIuiSI j'-^^ ^jS flf "- (j- 0 

(j^i LlmJ JLc Jy^JJ -^J^J ' . '^"'J "^jj^^iaJI (j^axta. jj-a^j] JLtSI ^IdjVI 
a^i (j^-aJj tl^ii-a jj^J m^VI ia T .,J a ojUj jl Jaa.j3 . juiiall tli^jjl 

(Stoichiometry) a^61\ clAJ . SI jLutVI ikVl <5 

^1 Jj SI cj|j cjl j^kUl JLa£l jLaj .(^j 7.15 J^iSI j^t) Jft^iS 

.A£.La 24 o- Jai SjIc (gjj^l ^L-Vl Jc. %90 j> J£l 
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Cllljj^Ja. AjLaaJ /jjjila Jj'\^ ^ jjJl j' all illlj j£ Js. A \\nr. I IbaAklLjl 
J .(jjJ/^C. 350 J^) jj^J^ (J-° J 6- ' J^' J J^*^ ^JJjJI^I 
(jc- 6.5 (j-o ^-JJ^S Ajkiaj^ti. Jc- ^ jJxullill ClAjj£ Ja. la&aJ 4_}Laxll a.AA 

^gib A\\nr\] a^A AjLjoj i(_£_)a.l ^Ijj Jj * Jj \j ' ^ ~IJ ■ j 4iLiaj (Jjjja 
llAAaC. jj Jajj Aajjajl cjA ■ 1±a nl Aj blSjll ^ all£l| t_jljj£_jle. (jJj^J 4j]«r. 
%35 JJa-a Jjj^J ^^C- jl jllj t (JjLjLJI J a j. n ± u i n JJflV't 

Cluu .JS3 iiiBj ( _ s Jj AiLial .%95 aj.}a' Jj. ^ " Jc. Jjj^aaJlj ^^iLa./jjj) 
U^, ALui-all ajjfl-^ll -I laJ i J J jaLaa!! ^IjjVI <J ^ SjLiV! 

4jjl£J-s ji^u Jll Aureobasidium pullulans (Osmotolerant yeast) 

.iaxjl J ^jAj^t- 350 JJ^I) _jj^J?-^ '-^ ^ L ^ c - jri^J A_>?\J 

(j-a ^iLlia (j^lj ' J.."'^.'^ liijjS JiJI (_>aAaJ J,'"'^'*' '"'^ J^f. a-iC ■ " ia ■ 

(jj ilLLui JJjuiI La£j L alt ^jIuiaII Jc (J* 5 ^ ' " ' " ■ (jjall a^A 

jjSj 3.5 t> Jal pH j ((^^/(jjj %15 t> J&f) jj^j^il JU1I jj£ Jill 

4jjl£^ij J) 'a-lc jLuil J3j li* . (Jlft |T j"'"'''" (Jjj^aail Lljjjjua 

.cfLj JaJI (_pa-a^. ^t"J J 4£jaJI 'aAlLall UvliJI JLxluil 

I g S£lj j Ajjaall Cjl jj-aa-ill J ^jlilall ^la.jJjjol (jja AjLilj 

• L3 J-^' 4j.jl*-a Ja j - laHuball j£l! j L ^ _jj Jc iaJau 

Cjla.jj J ^-Li.'ull AjlUtll JjH a all (j^a -jj...fl<ti CllU j£ Ja. 'ajLa <_1uijj 
jiwi jua 1 1 u A-il_a j 4 'j' "*^ " iCjLlo£ AiLjalj j^pij ^ (j>«J < A ■ aia j a o jl 
jjSjlj (Jj^ a Jj Jjjl^)!! (JjLuil! j^JJ tajaa II a^A a^ltj J^La. f^ya '^l'"'.' J.'^^ 
(jc * J,. 1 ^11 CjLjlS_jla. 'a^La 1 . ' ' " jf" j . iilij_j£_jlaJI <a aa j<a I aa a.^ jjj) %50 

u! .7.5 Jj pH _SI ^5 ^ij ^ (^/ujj) %45 Jj Jjl—S 

jj<ojll J JaJI (_paxaJ a^all ^uUJ Jl JSjjJI -jj 'j 1 all CjljjSJa. 

_jj jlc. ajLaj ^pJI lilii j£ JaJI (jjaaa jjj aaJll - ikjjaij ( _ 5 ^2 l-^J ' J ' a ^ 3 " 

tdujSjlaJI (j^ 3 - 43 - ^ •<Jjd^l JjIjjII 4ljja 5-kujljj 8 - Gluconolactone 
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is J jaJI ^jjj tpH —II A^ia-a j jl jj aIU. ^ Ua Lactone (jjj£l!l j 

dujSjlaJI o^oJ AjjU^I tllinkitt 3.3.15 
Commercial applications of gluconic acid 

, A , V-o-!. "i * Jalj AjLla j tl-la. a , V-a-v ^ AjlauO liiijjajlajl ^jlaaa ' ° i OJJ 
CIiUjjVI (j-a 4 alia a ^1 jjl £-a f.La]l (jUjil] aLIS dll Skt.a (JJJ^J t^E- 4^-9 J 

. Jalajll Alalia j AjjIjj Ajj^a-all 

<*<1 ..X'.fl Al\ jj aSUtI.uV LaLaJ Umlia j'-^N li& (jjaj ligj 

f.1 jjj I ■ ula S3 AjiA*-ajl AjCjVI IfrlajJa (j^s j 4<_£^)a.VI jlaj all jl (jjl*-ajl (j-a 

' - ^'■■'j 4j| La£ I a i aj V (_5i3l 3V _aii1 ^ Ac jX^om jl (Galvanised) <j ji*-a 

^Ij^ajlj CjIjj^jjuuiII j ^IAxJI Cjlclij^a ClsliLjala tAiaJjjiall Aj-alja, I ■ U i ajj 

..IpaJI j a jAwJlaLi Cjla.M*JI - J a-iaajjixil JjJaLaSI JSlill <jjaj ■ *»-»■ (AjjV.lj.^ll 

(j^aa. ^ J' afll 1.5 — Lactone tAjjIiiil oliiiki]! ,y» 

Ajj^iiAaJI <_ij^)Iall J JJ^jll (j-a (ja-aJ Ig-iV ClAjja _jlaJI jl lilljja _alaJI 

^ J t c£Ua_a3l djljijaa^ ^ Mia t J jLI Gluconic acid Sjji JMi. 

(j^i Jaj^a. a lalud tiillia . jfiJI AjLaC. ^ jlaaull jl tAa»jUall (jjjlail! AaJUtx 
.Ajjjjjll Cll&l j > all <J (Sizing) <JJ«jB A a jjj y*a& CjU ja jla.j jj£liaJI 

(De-sizing) 4jj*^I «ul £jU j£ jlaJI s.^ <^Aa- j)>»'uil Acli^a - laluu Laa 

. JjLa (_! _jJIj jJjulJjJI Aauaijl (j^a 

0.2- jjajlj ajJ ijj Clsljja_ala, SjLa AjdlajjiVI I lllcl li all - laJL jj 
Ajli 5J,1j>^l ^ Lai .(jifiiJI j ^jL^all 4-ajlLall (Jlft <'<»>. ..1 ^liiV %0.02 
(j-a (j^akill A a laliui all a jlui]la]l j Aj^aJI ^!)Lal ^ J ■ ta< (jj^^ lI^ 1 ^'-'^ 

(j>s Jial ojLa]| oi^J ^g^aJLxJI ^-LajV I iAjJ^aJI CllljJ^ai]! L-luia j .(j^lj«-a]l si* 
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.(^jlJI) 4ij jl ajjjc sjU (size) jn^ill 
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Lactic acid <4u£U 4.15 

jjV (8.15 jsjsii) 4^1 ji uJii 

Jc. jii Aj| Ua.V ja. jj tScheele ^JUI ^ > nl 1798 <J (j^aUJI 
jjAj .L^ia (racemic) <^"lj J*jla. <itj t(-) D j (+) L 'uijr^" <-J^ 

ljU liljjjijlaJI jjUaj J] <iliu31j <jKjill A%JI ^joiVI jjj^JI L-ijaJI 

e jjjall ^jlaw jl jjj oUjI JJ jjJn (-) j (+) jl j i(Glyceraldehyde) 
a^auuII) D, L-lactic acid ^CiiaJjII) t^jJaill Sajla t lUa**, — \i 

R-lactic j S -lactic acid ^ ojj^II 4iL^sJI j 5-ajL^ll ajjUajSJI 
J ijjLUJI j sLiaJ eUk. a ji tLalc. . JI jjJI Jc D j L (>« V-iacid 

.aJjall Aj,o.i.>u1I ^Uaj (jjLmluU I jJI jV ^ 4jlid]l 

Ajj^^^ii lj| jtu^i j 4-^ri^i cjiui^i 1.4.15 

Production organisms and biochemical path ways 

(1881, JAAauIl A Laj ill jj ^jj-^aJ ^ j ■ ^'-"^ <Jjl iiin£!/UI (jlaAa 

tiLsSiUI o^** 3 - *■ "ii^nj .Littletown, Massachusetts, USA) 

(Hetero-and j^mi a ...iU*,. LsjjSjj < j^'H aj£ IjJ&j J] 
> Vu^ij LjjpSjJI ^> uj&^I t> l£j 'Homofermetative Bacteria) 





COOH 


COOH 
1 


1 

H-C-OH 
1 


HO-C-H 
1 


CH 3 


CH 3 


o(-) 


«-(+) 



.(+) L j (-) D aiffiUI =8.15 
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a K ^ Ljjj^jll £c2jj (jj^. ^-3 t jj£_jlaJI ^^A, 4jLa*J t^W^ ^"^-^ 'S J' 83 

I . ul 7- JjjUjj'yi J liil-ojjill ,J U "*" J lililaJI j'-^^ jj-a Ajj jjjia^a C1sLlo£ j aaaSI 

^j^j| AjJUi ^gjj j-aiall 4j£jiila Ljjj£jll CjV^Lui jJaa a j&aj .liSjjSvUI jh^^i 

Hexose jLui* JiU. ^ ^ <ue ^jjj Aldolase 

L y£*l\ Jk. -(^j^l j^jl) Jj^jM f^* 4jLc- monophosphate 

4 U,„lji ^^^j ^aiJill AjuijLaJLa CjV^LuiSI ^ jj£ AjlaC (jli tiilli (j^s 

_1I Ai^?all j Glycolytic Hexose Biophosphate —11 <_W^ J-""> 

^gjll j-aill L_a j jia 4(j£lj ,£±&jj±A) Jljikl (JJ^la <j& I ■ LuuSxll NADH 

(jjjLsu-all iiS jL« (jli tLiaikio Glycoysis SI A^i-ac- c3^ uj^! 

U"J ' <-) 1 L>° iiSjj£^UI «a (_j<o J _&xs 2 (jJ_j£j U^°^ 

o^- 4 ^ t> 1kg oj^a Jj.^i-sa LS lc Ujiaj Jj^iij Ij^jj t(Hexose) 

<j£-a<a Jj. ^.-v ^ ^gJcl (jli AjIaxJI i_S jjiaJI ' .'.'"'.'J LaSc. . (Jjj jjjj^iA kg/ liliaS^I SI 
AjljaSI 31^a Jj^aJil AjJjjaJI AjIjjSI CjLuSJ (JJflaJ jj .%92-90 <J (jjSj 

tgi-lii aJ ,j ojjjS ll Jjlilj (jc. Cj^ojI f.llxJLl <iajj^aSI -^yOi SI j'"^ LljJ^j] 
Ic-ljjl J . >iU \ l (j-ajll ^ (j n i adJ 4*.liiSLl 4_kijj-all iiSjj£/LSI J ^-tfl-. 

Carnobacterium, Oenococcus, Leuconostoc, L yh^i\ ^\ 
Lactococcus, Lactobacillus, Enterococcus, Weisella, Vagococcus, 
i_y^ LS s^ ! Tetragenococcus, Streptococcus, .Pediococcus 
.j^iall Jiiia L^iiE tl&jj 60 Cy ls^- J^-" Lactobacillus 

^glll j-aill dll^aaJlSI ^iaa a ^ A SS uaJ a (ilij£!>UI jAa^ LjJJ^J liSjluU 

Ljjj^jII - v^',„' jjj^ i ijjiall ^Slj i_aMc-VI jl Ajic-VI Jaia. J jaj 

.ojjjS dlLtaSj iiSiaS*^ SI (jlaAa ^LijV ^jouLaJLaSI 

ojI^Sl dlLatjAj (JaxJI LaJ ■ il3 ^^iSI CllV^LuiSI -I laajqil J i iajj (La jmC 

.JajoijSI ^^jS ^Jjik^ll A5LLJI Jjja.1 t^SJj jli j> (45-62 °C) 
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t ^jjj£ jAj^cS jjSjlaJ £4 (L.Delbrueckii Lactobacillus ^1 Ji 
Jc. (jjiaj Jauij J bulgaricus j L.helveticns a,iViun J 
i jjSO jl^ jAiJ ,ji L. delbrueckii spp. Lactis ^kLjuj .((jJJI J-w) 
.pLJall _>*^ J Z. amylophilus — 1 <j£a. J 

iUe .iiliffiUI ,Ua^ 

I^jj (Rrecemates) j Jaj^ J& csi^ '4^^' l^*- 0 ^ ^ j- 4 ^ 

SjjtS " <^U"<N\I (ji^aa. LjJJ^J Jj 5iUiaVLj 

jl takll .Bacillus coagulans j Rhiopus nigricans Ji« ^tijj Je 
Lactic acid production diSfiUI (ji^a* ^Ujj 2.4.15 

tt *Lu£UI LjJJ^J ^Aij^' AjI jjJI J JJ^' aJiijll (jo ^ jJI J& 

<_ilLs> J) .AjJjlaill (Jjlall al lagjjj <^J^J ClJIjV illVXaill plUjl AjLaC jlfl 

t_L^ajj Ajc-U^jII CjVXJI plSSil all t.^rtOHI (j^^aJ Jlxll ^IjjVI <a*-a 

.(Phages) diljjUil jl£«j j^-^n l^Uaaj lilliS 



tSllj (jV iajlSjll (jo 3jlUl« 4a. jJ J) Aioaluioll alaJI j| jA\ ^^SJJJ (j! 
Ajc jj AoiixJ I^A (j^j iiiliiSiUI ;_)'•"***■ AjSjSJ Ajjlgjll <la,j»a]| IjJJ^ ^cLmAui 

(jli 4 1.1a. (j^aiajo <ilij£!iU! (_paoa I £n]l ja-u: jl LaJj . A-U< u aJ jljj 
jl j,<iluiU - iaJluS ^^j]! jIjaII jJj i'sjjjS 4_ioAl jj jjjjall j v ^ L-Lujlj all jLna.YI 
AjjJa all jljo]l jl (f\ ujjll jLoll (Jlaoll (jo JjiuLall 4^liLa| jja (J 
^CJJJ .((jjlll aaj jjj£^U! jl (illLa (jj^J-all (jo) jjjiuill jl jjjlLaJI jSjjj (_ySc 
(_£jaj ^^ill jxaiull (JjJa - lax aj .ajOuillS ^^Lol (J£ji <_?^ c ' ^ J '^V'"'^ M ^j'""^ 
jjill 

alAai-uLj 100 HI"' 1^-aLa-a.l Jj^j Cj^LcLLo J dll^xaaull s^A •dy j ) j ^ x ^' 
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^!>LaVI qa < lm lia Jy^ljP Jc (Ji ^-iV'l jjjy »C 180 J 120 jjJJ ^jJjS j.Vna 
;_)'■"*•*■ LjJJ^J (jl Lajj ^..J3 ? diLjA^all j Cllliui j (jj^jjaill Jc- 4j_>la all 
I ■ Iaj3 t^jluVI (_paLaa.YI B ' "'^ a Vi» « <Jjlic. I "'I ALiLa J^-laJ iilu£^UI 

AjLat .(jjxjoiSI CjUjIj Jlla taLa. AjjLii .ilj-a) <imlLa <Lacl.l jlj^i 4iLjal 

LjjJ^J liluS^ SI (jiaxa Ljjj£j) ' Llfla £-a 45 °C Sjlja. *La.j.i J jj-^MI 

60 J 5.5 (jJJ La pH SI 4-ajii t5 lft laaLaj .(g;-> mSVI JUJ 4->aJ 1^3 J 'AjjI jAV 

(jS-aJ -jj.i^K^l CjLljJjS 4jjL«-a3 JjAjS .^kr n\\ -jj...\K\l CllljjJjS AiLial Jjj^^ (jc 

ojiui'VI Jjj^^ (jc- ^joCjUI j'^"' ^-l^.jiuil j-i tSUj£ ( jc-Lji j jjJ| Ljj j^VI JLaatiuil 
i.iun.i jj£i (jjSj 3JUJI s^a jJ AjLaxll j£S j .(olji jlajl) (Esterification) 

J Clia^uVI jl ' . I uia SI - lalutt 4(J£tjSI Clll.la.1 J .^j"<M\t (j^aa. /J ajl 1 aa 

<J I-Ij^j V jfljll jaSI - lalaua j 1 al a SI t>ajSI / J Lai .£l\ja\ a\\ «.Lu <J ^gjJaLall 
Jc. (Jj*^aaJI Sjlc ^jjj .sjJJ^ j»La^.l ^tiil CllYt-a. ,j Lwa ji tCjVLaJI aiaa a 
. f U 6-4 ^ jiaill ^aVl ^aJI t> %95 - %85 4^ Jjaj 

a j,<u,.,>Lftll ^jl j-all Jc- ^Llil (jj^^Ia 4j!iaail CjI jjjuiixill J tliii^aj 

ia. J) 4cl u^ill J (Jlkj »] Ljj£l j i4£jaJI aJjla L£laJI jl 
(j^a-aa. AjSjdl S-lpC dlUisj Clsjjlaj 
Jl t -SjLaj| jSaJI JJ^JJ (Jl j!ia.l 1.1a. ^jjjjiiall (j^i 4ij .Ailia-all ojlaiSI ClLAlala 

jit 4i&v 

iajJij (j-a (_pa-aaJI ^La-jiLuV Ajj^Ljall <aj^)ia]l (9.15) (J^uJI ^liajj .SjliiSI 

4jJaiaj-a AJC-jj dll j ^Li. jl_o^i Jj-aaJj (j^i (_L^aaJiut*ll (jjj-a]l Lai (e^'^ 

J _ala-a ^Jjujj 4 lajailjj AjaliSI IfrLajJa (j-aj toJj^C Ajiij dlljJaa Jj ^LiaJ3 

.Clll^a SitS 4jjjL t>°J 'O^-LuJI a jJjaiSL^SI ' " 'j"'^V 
vliLa) 1 . u^aSI al laAml ) (j aajuiVI JauU I g at iaILjil (j^aJ jSI Jjl^SI 

Triakly Tertiary Amines J 2 -Butanol J Isopropyl ether ^l^i^l 
al^kiuiLi (Esterification) SjLuiVl ^'j^-L? J i(Aj_a*iac cjUjla ,J 

. jjiaajll 4_iLiaj L^c-Lpl jaJ t J jjl"'iflll 
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I 1 I 



< 







Applications cjltnkilt 3.4.15 

t aij^ail Jla t(Grades) c_sti^l J ^j^-j^ lu£ ja jiij (Hydroscopic) 

ajl i ^<j",,.M ^1 (_ii^a]| j Af li . *\\ i alkali jl i^lAiJI ' alkali j! t < _ 5 _i5Lill 
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(jjjjj aa^aJ 4jj.laJI Cjljj-laill .4-15 Jj.laJLs 3 a ■ '— j a I^jIaiiLjj L-sli-iaV I aiA 

6^ 50000 ^ 4j3£*JI 



I^jU ^'..,1 j du£Ut o^oJ 4jjU^I LiLiuaVl :4.15 Jj-iaJI 












io"\| i i"i, ,-.11 


»1 "-,1 cl ,*i'\r. i'iUI 

^jj ajdl j (_pa*aaj| tj^a iall 

^aaaJI 


iajl^jJI j (jjM f^-^ 
aa. %80 jii^l 






jj£l "lajljllj (jjBI jxi^c. 
4iSV (j^aa. %90 j> 
±aj %0.1 j> Jrf 


ty""' „\l 1 •«•,. „\l 


'(Lacquer) j iSlS 


■sl-j %0.01 j> cJfl 


<rt...N.« , 



Other acids j>Vl oiU*Vt 5.15 

.la. jj iiLj£^UI iiiljjjS lilljILull (_paAa. Ail^a^/lj 

Itaconic acid <£pjfL£t\ (ja**. 1.5.15 

JSC ^ij .liLjJjuJI (_pa-aa J,.'^-°"' AjIaxJ ^jjia£ !>L^al <a aa II Ii* L_SjC 
<JLa*2uiLl UaaHll A Sajml 4_a.ljj| (jl^^/lj <jl .la. j i^jjjjoutll (j^ll (j-a CLlljiutJ jVI 

Jjoj ^& <4j3j£IjjVI ij^^ ul^ '^PU*^' Aja.LiJI t> .Aspergillus terreus 
/yuijSj J^uij tALlall ' .'.'"'.'j .Methacrylic j"-^ ^ ."^ j* 

(Styrcne (jj-iliijjj (jjjjtLu (j-a s^l-moll dil^aJ Ac! j > 
A^jLia cjUjUa ^-a 3 't^h 'Butadiene Co-Polymers) 

r'hujl I g laJ j il_)3txu (_>saa.jl ^^Ililj AjSIj ajS jjOjlt I lllfcl *'■ all 4 Sajoitjj Aaaia 
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II 

C-COOH 
I 

hbC-COOH 



jjnVil) AjLjc aIxuiIjj j<^i n ^Uj^IUuVI : 10.15 JiuJt 

A itaconicus j! A terreus <> fljiiuib j^uUJl 

jfl jSjS SjU! JaIajI tHjCll j Glycolysis —II jU*» 
- <£lj yJI 5iUil .(11.15 JiAlt) C0 2 ^"ji3 SJ*-I '"u'jnii 
jijjji (jJc (|j2»3 A-terreus <jla ,4. <> o*S*% (jte-j 

Ujj .Cis-Aconitase <> itaconate SjU <jjSj ^ jflj lAconitate decarboxylase ja ^Ual 
^ j£ ja2 aconitase j Citrate synthase i J>-jjjUJ1 j£ jau Jcliofl I i» J 

LjjJUll ^ 4JjUU iiil jiuJI <j*Jj Cis-acontitiate Ji2 A.terreus &i j^jcI Jis il^jjjjSjijUS 
jiua^ l^jUi-a ijali Ojjjjj (^Jft A terreus csji»-j .(11.15 Ji^ll) bjUjijijU^l £jU\ 
■ jxaaiH <Ul«e . t&ujSlajVt (j^Xii j! j2l [ Je jJlS iy4. niger / j jji^l ^1 jj^I 

j Citramalicj Succinic jit**! 6* ^ » ^W* 5 OjjSj 4^^' cWJ 52 Jj^JdJ 

(j<3. 4 A jj. uSj jj-s AijU I'unjl (jiLai.vl si* jl V) .Lil* i jijUl uUjk^l jj-ii .Itatartaric 



iiijjjJi 

I 



T, 



1 LjAijijiwJl 

I. 



• Cis - cjLujSSjVi 



4 niUII diilelijjl j»J .JLjjSUuVI (j^u-tl JJi^l (jjK'iU Ja o i fa jj^ai LkLt : 11.15 JioJI 

.4fjjSljJ^I (ji" 3 ^ if J**^ (jjKMU Jjfcle L^S jjjLjl (jail ^jliuj jll j! jmAj 
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,-u^£iU \A\s. lot-- I Aiij i ( (_>*>V J-aSI ' aLiJI LiiSI '"' V ^^"'" i _j j£_jlaJI i_ll Jjo) 
i_11uijjJI jl/j dll V^T n (jj^J L>° 4jjA*-aSI CllljjJ^/l J 4j.Sj.la-aj ti_ljlill 

(Prussian Blue -JjjVl ^ jjjSI) Ferric hexacyanoferate sjL <kJ jj 

■li-liJ 4_lajJ jj o^lc j-aill JJSJ .(2.2.15 £_>?-SI J^) (J"L*j]l AiLiaj 5Jajailjj jl 
jijljj . Mn+2 JJJ^j Jc- CjLajl»_a j3jJJ V 4_j| tLalc- .°0j3jiaSI CjIAjoi jiSI 
jjj La JaiiJ jl L_±aJ pH SI jjj! ' jSlS o^C j_a±*.L : ■ alia " lilliS _»& pH II 

3.1 j 2.8 

^ t> ( ujj / uJj ) °/°85 oj^a Jj^^fl Jj^j f2 .itatartaric acid 
CjL>jj (Cultivation) £jjSI iu *U 4_u«ls. Sjja JiLk. ^JiiSI 

sjcI j jU- Jl j^I U£j .(C° 42 - 39) s J 

(j^ij jajulaSI (j_&j^£SLi 4lalxxiSI j-^ iiil 4 iaj at j; Sjlt ^la.jiu)VI *JJ 

a^a (JjVhjjali -»j iiSjjj£l2)VI (_pa-tta. ^Lu .ojjjll ajl&j /ej_j]LJI »J 

cil^S j$i t jtliSI Lai 

• <3*cl (jjJ J^J L5 jW^' 

Clsl^ajl_&J AcLu-a J (jj^J iiSjjj£lljVI (_pa-aiJ ^^juiJjJI al lallmVI 
4ji r-il Qiui^jg ^Lu-aVI J dll£f>jLiall dll jla^luba Jj oJc-LulaSI jjJjLa _4iJ (jjjjllui 
4_ajUSI 4 IS u£ all Clsl^ajljlSI jli Ajj iaaaJl 1 g «-Uil a L-lli ajj . j^iS jJI i adSI 

. «.Lali 4 J i aa a ajl i aa tlllj jj^j 

CllLLaC. J (%2 (j-a Jal) ALla CjLaSjj lilSiS t*lp jSlilVI i_>^a^ ' ■ 

^j^j djj^ (Vinylidene Chloride Coatings) jjiAmASI jjjjS£j AjLijSI 

PolyC Ajjic-I j jL > nil j (jjjJI Jc jl i aLjiyi (j^lja, (jjjjtaj Jj lilSj 

. jjjj^illj ( . nUMI cjLLa& J Ethylene terephathalate 
tilU j jn^i .Lji^ Ja 15000 Jl _^ j^ J^SI a^JI ^ 

tilLiAj tdlj-ajljJI J liSAljSljXa (j- 3 - 4 ^ J t 4?SJj^ Jl.\n»>il J] 
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Jaaa Ia£a4 (jj^j (jjjJ' I^A ^ jjII (jli ^j'—*^ lSJ-*-" 

jJi^/^^fLj^sl jJ 4 jA ^jJLa-ll ^>*-»jJI (jj t^llj'VI ' *«^K* (_paik J^Lk (jx 



L-ascorbic acid (C cH-lia) dwjJ**^ 2.5.15 

Ajalial ^ill ^-a^jll ja lilujjluiVI L- Ascorbic acid 

(jic (International Union of Pure and Applied Chemicals) IUPAC 

AiauiljJ 1928 jaic- («i (Jfllsll £yi (J gla»2m aS (j^aaaJl lAA I LujjSI .C (j;Lalll2 

Reversible o^*^ <Ltall s^sVt ^ aj^a! ajIl^, J&1 j .Szent - Gyorgyi 
IglkJ jj ^ill t(12. 1 5 jLiJI) dehydro-l-ascorbic (j^aaJ oxidation) 
cjUujjVl t> .nc. jia4 -(Redox system) <_>£j.i!jll <»Uaj jjj£j gjki.nj 
ajjUJI Dioxygenases c^Lajjjl (^ai-Vlsj iAuj^J^\ q^**. 4-kJ jj 
AllaVl (jj .<_>iaull ^ic. AjjLsJ! monoxygenases —31 cjLaj^j! j jjjaJI 

(j£-aj (^jJI (SCUrVy) iajJjiuiVI jA tdujjiuiVI o^ 3 -^ o 3 ^ o^j^ 

AjLat ^jjliaxll (Oxidases) S.w^j*!! CiLu jjVI «^a AJUi <u±ui jj 

AjLaa. ^jlc. (J- 4 ^ ^jjjjSjjVI ^) *•*"■•*■ (jl it-ale .(jjA.Vj^l3 (_£jJaJI (jjliall 

jja-uiSVl j (Nitrosamines) jjjjW jI uj^ ^ r^?^' 

(jj . jj^aJI i=J ajLc. aj^LuI Aiila j aJ jl La£ tAjjlLj^jJI (Oxygen radicals) 

I ■ UjoJI k _^A t4 i Lall AjX&xuj .a 4-ulii-ll Ajliua Jl\ JH^Vi " lA L all e^A 

\u all j Ajliill all (J C jJ-tyal SjjJsJI CllinLuil ^uiujll 



CM.OH 




CH;OH 


H OH 




H- 


— OH 
















HO \l» 


o' 


K 




L - 





.Dehydro-L-Ascorbic [O] 2r» OJj 2 ^ 'Awjj*"^ ck 1 ** =12.15 JiiJI 

.Jljia.1 ^yjiLi [H] iOiuiSi ^yjjU 
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(jjllii.iu.uijl _J ^jjlaJ 1 1 g Cj "-^ aj v_a^tj AjLaxj te.la.l_j __£ JJa. J >^ a_aJaa j ii a 

D — 11 C-l J jS=J j* ajLmJI ei* (j^LaVl t^fall .(Reichstein Synthesis) 

__>ajL-aaJI ___Jc. (j-ojll (_>ai^ *>"l jja. / j tC"6 J C"5 e-luiSI j t jj£jla. — 

.(13.15) <#^ BsJI - ki = LLj - c - 3 -5 C" 2 - 1 (Chirality) a^^I! 

— L J) (J — D 6 Imal ___-& ^Jj a all (jjl^ll a U, ..I ji ejliaJI a_aiaa 11 jl 

___Jc CjI j-iall ^ j^i .Acetobacter xylinum LiJiaJ jjtjj"* 

tiUI cj! .6-4 pH j -°C 35 30 6_jl^>a. 4a.jj i llaJ ^jjijaII __g jp.ui<JI 
Jlgjll (Jj, aa all _jli lj£Jj t%90 j-a Jt^l La_j-afc _j.jllbjj.Luj.jl j (jjlaJ AjLaxl 

JLJI ^Li^al! jrtijYI Cjljjaiij iJUj .%60 Jl ja. jjlj ^JJ^ 1 (j^aaJ 
^jjxI jV jj jjjla 600 yr 4 ^*!! (jj^' '^J 1 " 1 L^ 3 80000 Jl ja. 

(jiu&£ £_^! ^ .. ft all alVa j« l_JJJ^ ^3?" <jjj »%4~3 ajJS j_$ _jjjai jaj (J-la-aj 

4(j^lj jJAaall 4_lxuil_jj 'ajjilia tiljjjj^jjjYI (_ >a^a 

jS^JJ 4.1C.1 ii alt dlljlxatlt Jl dlVjl a all ei& _jx J (_jLaJ &1 t jVI .la. Jjj 

L — likiJJ^" 1 ^' O^ 3 - 4 ^- UiJ^ U-° Chlorelld <_>ua. J) aJjUll 4jj£a-all t-llla LSI 
1— ilia all eagJ AjjjaJI Ali^lli .1.1a. Aiils I " ll j a£ J l£1j 'aj^W-a jjSjla. — D ja 
.lilLajaill Ajalc AiLja] jl I alx£ LilLa. - jagj^S tiilJjjSjjiYI J a aa J Ajjil! 
ejl^}a. Cjla.__p I fl" 1 ^ j tAiUall L^£il^luil j* ^c-^jlljj ttillal 

4-jj), >>«JI (.llljjArtll (ya 'a i " ll J aS 1 lj "I laajml j (CjljJaail j-a AjJutil jjJlo Joi ■ aj 

V (jVI ia. JJj Ajli iA^jUll t-L^ ■ aall (jx j^U'.U AjIUJI AiKllj tAjjjJatMJI j 

AjIjI jlj^i -I laaj "I (_pLa. jx A j j i aa II AjLloj^II jlj-all jjlaJ till ^laa J^t 
Aa^Ja la.laj CjV a all a^A JJ^I (jl ^..Jgt' 1 "'^ ^ U , „l A^iLa A-aJ^La 

L- t> 2-Keto L-gulonic (^a^- ^^"j ^VLa4a.VI ^a.1 :(13. 15) J^IW 
jl Bascillus megaterium fl-iaiJj jj-aaall aLLujj Sorbose 
90- jjj La (j» J j . ^U Jl i .Psudogluuconobacter saccharoketogenes 
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iDjJj %75 



^Uj.VI 4kJ jj l+^ltf ^38 ^jaftl ^>iadl QkL**.^ :5.15 JjJaJt 










Gluconobacter Oxydans 




i .1 \\\ 4 <- J j . ^ 


Rhizopus nigricans 


t^LjLojjiil a 


lIiIjjLaxji! — L L a 


R.arrhizus 






Aspergillus wentii 




Lactom 


Paecilomyces 


trans-2-3 - ^1 o^"^ 
Epoxysuccinic 




A.fumigatus 






A.clavatus 






A.niger 






A.oiyzae 






A.wentii 


t^LIl a 



- lt 1 ^ i/-*-" - 2.5 
4hjS^Ui Jets 



Giucocobx&f 



I 



Badka 
Qkjconobaaer 



I 



/<. iy,Vnum 



1 

- .^JjyJeV! -O - - 2.3:4.6 

I 

- J^jjyjiVi -0 - ^ - 2.3:4.6 

I 




AlAil\ jjLuu (L) clujjlutfl g?-u^ tj^l-i^a Li^aj jLuia :13.15 <J£*M 
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AjJajoi j\\ jlj-all (jjlia] j LoUaj jii*J jaIuiaII ^jjaJI jjiaa]! ^Uaj j] 

<> Jj>-« NADP (^it Glucose dehydrogenase (xjjii 3JaJjj 
2i5 - Diketo -D-gluconate (jja^UI Jjj^I (4i .Thermoplasma 
^LiiJb iajGjJI 2t5 - Diketo -D-gluconate dehydrogenase aJoJjj 
- Diketo -D-gluconate Jjaii Ij^l .Cytochrome C jcL^II <J*U]I j 
- Diketo - D - Gluconate <2aJ jj 2t5 - keto -L-gluconate 2<.5 
Gluconate NADP+ jrlaj .ipaj <*-a Reductase 2t5 

•dehydrogenase. 

(illJjj£jujVI (J^aaa JjjlaJJ iljjja. jliaJI j 1.1a. JJ i aSl) i \a.V' jLuia]! 

S jJ.Ua ULjaj jSxj ^1 L-gulonolactone 3iJ^ if- ^- a -° u_& 
L-gulonolactone dehydrogenase ^ji ; LkJjj AiijJLJi\ o^aa. 
4jjLixl£JI 5iLiaVI 3_kJ jj <S l-gulonolactone ^jlc. J j.^ll <j£aj jja 
J,.Wu,n Sj±aVl si-all o^a j1 VJ 'D-glucuronolactone ^JJ jja. jj^ll 

Other acids tf ja&t <_£U*Vl 3.5.15 

(j^aaa OJJ^J l$J ^^jll i(_£ja.VI (_paLaaVI (j-a J.ie (j£-aJ 

ojA t^^aj rtijj jl tLalc -Si}?. CiUaLij ajjUj Sjjj^ij t Tricarboxylic acid 

a , '--.j ^ jJaLaaVI ai& J J . .lau ^clik^all (_g jj.ui.a3l (J-^J ^ (jiaLaaVI 

^jift ^gjJaLall 4a.lljJ J3 tiiLjLajjall (_>ixaa. (Jla .(5.15) Jj-laJL 

<Uj3lla (j-a (j^-aJJ ^] ^lli^l li& <_&-° (j^J ' JJ"^"'^ "Uauil jj t -fc1 li alt j_g jl..>Lftll 

.^lUI ^Li^l ^Vl 
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Microbial Polysaccharides 
and Single Cell Oils 

James P. Wynn ^ Jl) ? 

Martek Biosciences Corp. USA dLVjil " ajkU djjjU 

AjSjj-VI SJ*1»1I 

Alistair J. Anderson 

University of Hull, UK g w,»t i iiLu^l t JU kaU 

Introduction <UiL«JI 1.16 

(jjpjl '"'I (j-a JJ^I jl .1^.1 j ^Ijjj (_ s ^ c - (_LuU Ljjli iAiUalljj i ^jjj^ 

Aj^I j-a <ULa. j* 7- a]l (j-a <_]La*2uL>U ^LjV5 Ajla SI (Jilj 

.(Starvation) <yjaall JU. ^1 tg -j_4jj£ll ja^JI cjjjiJ 

<-a£lj<a Ls lc all l_llta Sail j dllj^iaa]] j jjLa^JI ^l_&jl ,J <aa j .laiu 

(J-a*J La Ullft LjJJ^jll Ajjuiillj Lai . (j_&A.}]| jl CjjJ^)]l ^_ya OJJJ^ CjLLa£ 

o^ajj .(PHA) Polyhydroxyalkanoate — j t-ijja-all >aJjill 4L<£!jx ^ 
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(J^lj ijj<a<a 4 «a ^Lui^l£ 1 dl^J ' " ^ .'^ J " (j -0 LH'' 

^jUJI (jjjll j-a J&f J %70 J] ^L^l sja J^jj (j^y .L£UJI 

CjI j-aJ _jj aJ) (Glycogene) jfL^UJI si-a ^ .ajj** ^1 jji <J 
jS-j) Trehalose j_&lL$jjj]l j (Ljjj^JI Lij *jJ LiLiJ ajIc J^jj Jj£ jlaJ' 

PHA ^LiiJ V JJJ •^J-ojJJ^-l' dlj£^a] Aij^)»-a (jj^)^ AlLal (^Lli 

(j^> 0JJj£ CjLl«£ (jjjlikJJ LiLl^l **,'J£ ? *jl I'Ktl (j^a*J j»j5J t(j_&Aj]l jl 

ojjj£ 4^iLo]l tiiUa£]l La Lllcj .(Polysaccharides) oja*2all CiUjUl 

jjjpjl dll (j^a (_^A*JI (j^-J 'UJ^ '-^J "*J'^ " cs^j -j-)^ ' •' • 

.(Extracellular) AjkJ! jrjLi. t^ji-VI 

AjjIje. ojLa j3 jjj j-aill All: Lajjc. S \y jjLall o^A ^Ui QJ^"' j^H 

jjatS Ij^Jj .oJ-la-a AjjIjc. SjLa£ (jj^jjjjjl jLlij La ojLc.j . (jjjj^ll JJC. Aj.uiLi.uI 

ij-aill L_s2jJ ■ . Ifmjj '(j^J J v l)/' ^LiJI (jj^jjlill jlij 

(J^l all (jjjj^ll I j^S iAjj_aj]l (_paLai.VI j (jJJj^jl! (jjjlij] L^JJJ^ 

4 UjL 

•(jjL^JJ J_^' J^l CT^ ^ * JJ^iJ 

A ajail dil j Ajajj^aJI (1)3^ ' " ^ ? J-^ -0 cs^ 4 " J L -* a ^ (c^ ^3^J 

A*jla]l jjjiixJI 1 il i ^ J_j^j-a _&A La L_i/Lijj Liil '^^JstJ IjAj .AjjLajll 

Polyhydroxyalkanoates jI >a ^-Lu] V AjjLMI 

0JO«J-a]l CllLjj£jaill q\ Laic .IjJJ^ J«.LiaJ jS jlj-all oa^J ^jLijll ^LajAVI (jV 

.AjjJiJI Ajlajll ^ A-a^-a jlj-a ilA\ j V CjjJ^ J 

Microbial polysaccharides Aa^ jj jaJl Sjj»1a1I <IjIjj1u»H 2.16 
Introduction ^jUI 1.2.16 

OJO«J-all CjLjjSjoJI (j- 0 ^ ' "J ' " t — **JJu ? dlljjL^]! (j-a JJJ^ll 
CllLjj£jaill aaA (j-a ax 1 .(jjjj^ll jjj^a-a (j-a ojj! j Cjlj<a£ jj jjc 
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Jla jji. j& jja. j5L£LaJI (jjl (ilia. '(jj^. ClU£ j-a£ J-a*Jj t4jLkJI oJAaiall 
4_l^jLiJI o Alalia]! CjUj^j-uILj 4ij J»_a]l SjJatLaj! Clljj£jai]lj .lillj ^gJc 

cjUjluJI j LjMiJI <kJ jj jjai tExopolysaccharides (EPS) 

Ll^LiJlj AlaSijA o!a ^^Sfj -^5j .Ajjlaall 4_1aAVI A^aji^S] oJ^tLall 

I^A .laJJU .iajaijll L_J jjj ^2 Lpl jl iA^.^ AjiaLi-a oAm jl A l^mj£ JS^o 
jA s-lui (_J.la ^gicj c2A«J-a]l ■ g jLl* ; j£]| i_!j£jj1I (JiLa <_Lil j£ 0.1c. ^^Ic. 

.(1.16 J^uill) ^-^.^ 'J^^ CA^yuHuu* ^tiilj tAjL alt JaLuijVI ^^c-J .4ft_j_jJI 

t-jjau ^gjll c4_La jJ_)^JI 4_li.jliJI oJA»J-a]l CjIj_)£jjJI (j a« 1 (jl jJ^ /-i 
Igjl Uj iAijjJoa AjjlaJ CjLaaia i(Glims) ^LajuajU 4 C-l ' i all La yac 

llA-LaSj Lg-La ^joiS ^ii j (AjjUill oJAatLall CLAj^joi]! £-a ^jjjaljjj jl ' . »aj 

ClLaJ Ijjj iAjjLlill ^tijjj jl^aJjoi^l (j^-aJ (j aSa J a ^t.i.lUj l.li. OJJJ^ 

.lia. ^»jIa ^jliia ^gJc. Jjj-aaJI (jl^-aVlj jjfLlui JJ aaall AjLaC ^^Jc. a lla SI e^JaAuill 
4-aj!)La jjc. j tLiiuij A aK a 4 j\«r. ^^A jJ-aia]l jl tLalc. .4-llc. jLa!icVI (j^-«J 
.0 ^Li-^lj lilli jl£ _jl j ^gJa. A , ^.j-^ jll tllta>jjlall Afcl li al 




(Alginate) i*ijij>ftfi S-sUJ Af~'m\\ Pseudomonas mendocina 4£lui : 1 . 1 6 JiuJI 

.(Agar) jUVI ^ 
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General properties 



diL*& 2.2.16 



I^SUt1,.,i1 <jjl£aj a-ojs tiilj ^ 4 (Seaweeds) ajj=>j1I ^-sLicVI j cAjbjll 
sjLj LS k. Jajo .(Rheology) JJU-all jljjAI q^L^l / J 

. (JjjLtillj x^L^Wj (jj^Jjll .ll_&xi ojlc a l^luU J A^j^lll 
■jl < j uK i alt j ^jl CLuiSj M (JlLa 'i^^Lall Cllljj£jaJI '■— » J jl 

<>l jiVI Lai .j^juU aLIsI! ^U^l <ja j <tal*ia (Scleroglucan) 

IgJ ^glill j t4.li jaaaJl oJ^atLa CAj^joJI jl *Lb a aa t j^/LiaJI j jlSjl^ll (JlLa 

'(Polyelectrolytes) oj^lall c±jJjj&WI £ jj <> ^ tj£l 
'(Uronic acids) tSLjj jjj^I <>aLaa.l t> Jj^SjjjS ^U-a cSj^ y?* j 
.Cii jjjj ^U-a J /(^k j (2.16 L&^t) Glucuronic acid o^aa. Ji* 

jj£jj) AjjjjVI a J^-J Jj^ all ,j o-l-laiall CjIjj£jui1I CjIjjJ)^. <_J£jui JjljJ 
oJA»J-a C1Aj_)£ajJI JjljJj .JAatlall jj£jJJj t^-JJa.jj 1^ SI aSjlljj ((^IaII 

J jla all (Cations) <Ua.j-a]l ClAjjjVI -ij^JJ JJ^I J^Af ^a>a& Ajj^axiiJI 

IgjJaaJ £-a eJ^uJI dAjj£jai]l (Jjol/Lj iaJJJ (jl AjjLiill 4j^._ja]| dlljjJ^yU (j^-aJ 

.<_£ jjj a!>l& ^tjj'V LJa*J 




AjijLaJI aJJuUI CjUjLlJI ^ isjlfr sJ^j^s j i t%i j j jS jJiil (jjxtai 2.16 JSASI 

.^wjjjaJl (exopolysaccharides) 
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Xanthan <tf3flj» 3.2.16 

<j] .Xanthomonas 4iys>\ ajILJI LjjjSJI 3JaJjj jlSiljll g% 

ytijl .Lujjjd^ Iajj£Ij VLajLLml 4j^.jLiJI o^^tlall CjIj^£jji]I _jA 

^^jal« _jj AjJ .(jjallj 10^ ^^Ic- -^jj (jjj 

P - (1— >4) -W 5 _>° (Glucan) <> ^jiaa j >ac ^ 

£-a i^^x^Ci j^joi 4jj£-a AjfjLi. <lmlui 4_j iaJJJJ J ( jj£jiaJI (j-a j-aJjJ 
CliiajjjJ] (_Jjia-a A-alau .(3.16 JSjill) ^jaall ^ AjaUj-aJ! 

<J Glucuronic 0^*. dAiija. ta.i«ia CjJjjjSJI (jtijl j]l 

< ^ SSj i « a (jl Uj till ixta l-llatla 4j (j^s a£.j]Ll Ajjjl 7- II <LoiLui 





— >4)-£-D-Glc-(i^ 4)-£-D-Glc-(i— > 


Pyr 




1 1 

4 6 
1 1 


T 


£-D-Man-(i- 


^4)-^-D-GlcA-(W2)-«-D-Man-6-0-Ac 



Sjlfr ^ jjiill J j^xii is.la.jJI <Uluii ^Xa .(jtijjll AjjSjj 3.16 

.l^ijL U jl t jjiiSj dJj <> JaS ^jSj ^ £Lu £>SJ t % 30 

<^A SjLa3l o'^l /yU^Sjll ^La^JI .Lljiuj (jla 20000 ja. 4j" JLaJ ^rtij^l ^Ljj 

fie "ij-a JjV jtijtjJI (kiiuj .Monsanto t> «. j*. ^a J1I Kelco 

Jfr a j^y all jl a^lA £Jj-a jl jl ' " ' J SjLa£ (J^aAmJ La UlLc-j .1967 

JjjLu s^La£ aLaJI (jllijl j]l a laJLuJ A-j&l li aJI j Ajljia]l ClA illlaJd] ^ya JJJ^ JJCj 

SjUa-.ti ciilcl l all ^ jiaJ! CjLLc. JiU. CjjjJj j (Suspending) 
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Dextran 



Oljiu^l 4.2.16 



cjlLljjjl ^jisu a-glucan <jc *J-F (4.16 l&^I) jlJiu^J 

^1 jij Leuconostoc mesenteroides LjJ&JI Ig-i^a (> *l j*. Sju^ aJLuII j 

■Sterptococcus 

t4_iLLll Jib a3 ^^ill <J^.jLiJI oJAatlall CjIj_)£jji]I aiaa c (jj£c ^^Ic. j 

^o-uLl AjliJI f^.J^ A jajuiljj jj^jjill (jljiui^^ll (jli 

CjI^. j 4^4? J^- t> jjj^l ^ J«j tDextransucrase 

AjI J-oJ ^Uall (Jlaal! JjjjJa (jc jl jli.n£.l]l ClllL-al jaj t_iciljll aJJ 
J ■w". , i.l \ j| jjj|jlui£jj CjLajjul at '^* - ^ J cdlij ' ■ Lj 1 all <Jajqt| 4_1uijoa1I 

j"'"'^J " • L r J J^^y CT^O^ ijjj U?'^ ^ JJJ-« -^jlj^l t4ajui<all (_£ j2 JJC. ^j'-""^ 

ajI jfl] Pharmacia a£jJi SJaul jj £_u^a -^j LijW^ ^jjj c^jj^j- 0 lSj^-" ^-i*^ Jj' 
Cillnlaj Aia (jVI Ul .a^I! Loj^lJ (Extender) aL«-« SjLsS V j - v^*...i .Ulc 50 

(Jl jj Y .^jjaJI Cjl-jLajJa j-i (JjIjuJI (_ya\-L^LLa$ j jp^jll £Aa (Jlla isJj^fc Ajjjjjji 

CiSjll CiUIj&jluSjJIj ttjjjx^s ie-o^-* ^"jj -lajoij (Sephadex) (jjiSjjUiuJI 

.Ajjliill j| j*ll (J iilli£ <jl JLolllI - laaj ujj .(_£j^.l Ajjjja a 



->6)-a-D-Glc-(i — > 

->2)-«-D-GIc-(1 — > 
->3)-«-D-GIC-(l — > 
->4)-a-D-GIC-(l — > 



.0 - (1 — ► 6)jA JjluJI JajjJI . jl jiyiJll 4jj£ jj 4.16 Jiill 
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Gellan <£UJ 5.2.16 

<J£j£la J.l»Jla (jc Sjl^E- (5.16 JS^ill^ (j!>LiaJ1 

t ^jjjj^ t> s jjSlalt ajI^j jj&j (jLi. (Heterpolysaccharide) 

.s^l j (Rhamnose) j 4jj>.j S-i^l j Glucuronic <>»*a. <jjJ^ j 

LjjjSjII a U , „l ^clil f^-fr^ JA«J-a (jc ojljc- jA (j!>LiaJ1 

CjUV jll ^ Kelco Inc. 3£ >S Jja ^ a jjjIsj £ .Pseudomonas elodea 
(Deacetylation) V^Ji\ ^ jj (jyjla <je Gelrite <J^> ^ s^iall 

jA <_si]1 (10 = pH axa ^J-^J (Jjiuoiill (JJjia (jc-) ( _ s ik-aVI (jvLraJI £-aj^a] 

^jjiall jjialli .jjSjLJI cs^j^ iJ^ (O - acetylated) Jiui>> 
^jjj . (jlii^l jl^U (jjfLj jl (j£-ajj j j»!>lA aJiLujVI 

'^Jjcr all c-U^Vi tllllniaj (Agar) jL?-VLj AJijlLa o.lpe. JjI j3 j^LiaJI 
(Jiuall (j-a (J_aiJj <^J '"^Jj 4ja._a*3l dlLj_ajV1 JJ ojl ^-^J-^ 



. 4_iiJLa a.iLa£ 

->3)-/?-D-Glc-(i^4)-/3-r>GlcA-(^4)-/?-[>-Glc-(i^4)-a-L-Rha-(i-> 

JjjiuuJfrj JjjaJ O - '*' UU - (>aj jjS^laJI lift* . <£LaJI AjjS jj 5.16 Jiwfl 

Scleroglucan £tSjl*jjJlui 6.2.16 

Jj-aC (j-a (jj^ll (J^laJla .SAaJla (6.16 (J^joJI) /jKj\-v jjjK , 

JjSjla. ilil^j qa (jj^jj ^Jj3 (>oj '(1 — > 3)"P GluCOn (j* (jj^a jSa 
ojlA . j-alljlll AJLuiLji jj^ o^.J Cllllj (JS ^JaiHo ^jIjIj 4 W'J" 

<alii^a ^1 _jJl1 A^Jlij ■ " ija ( tlllj^iaall 4 lajailjj ^cllj CS^J^ ■3>3*i«« J^jj / jA sjLall 
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Sclerotium j Sclerotium Rolfsii op jjJI jj -Sclerotium t> 
.si-all si^J cs* ^ aA ' £) J^' ^* glucanicum 

Aifca a]l ^XoVLj Jill} V J ojl J^JI <-J^J-i J pH Si Cya £jJ J cS- 1 * cjr^ 

.(Seed coating) jjiJI 4j]oAj j 
->3)-^-D-GIc-(1^3)-/?-D-GIc-(1->3)-^-D-GIc-(1-> 

T 

0-D-Glc 

.(Scleroglucan) <^$l*jjji£iuJI uuS jj :6.16 

Curdlan u^j^l 7.2.16 

ij<ul Jic. ^jjj 1^-3-P-glucan ojIje. (7.16 J^l) u^jj^I 

.Alcaligenes faecalis var. myxogenes ; UaJ jj ^ jU. .1.1*20 
Rhizobium j A rhizogenes j Agrobacterium radiobacter \}J^ 
(jli t jl£ jk, jjjKuJI (_>ui& i^c-j -(j^j^^ Ajlji-a j.i*Lo trifolii 

di 55 °C 

i ^1^11 Ajj£ja o^LaS (jV^JJ^I (JLatJIi.iiI (j^-aJ .^^Jti.j jjc. ^-g-ll (ItiJ^ 
ClllL-a .5£jaJ oJjLall tllLajjjMl o^jLu oi-aS j jfkJI 

^^Jl (Laminarin) jjjLn^l j 1— >3-P-glucan cAL^ aJJZ 

.(Brown algae) a^iJI i_i]UJall ^> ^ 

— >3)-£-D-GIC-(l— > 

. Jsfj jjiil ^uSji :7.16 Jlill 



634 



Pullulan uVjJj^ 8.2.16 

jIuj Sia.j qa a-Glucan Cf- j& (8.16 Jl»ill) utfjljjli 
.Aureobasideum Pullulans jiaall LjjUj ^ ■» jj^ 

(j^i Aj^.jLaJI oJ^tLall CAj^joJI ^tijj-J AjjlLa (j»LI 5) ^J.'"'"' ^AA 1 ^ JJ"'*'"'^ AjLaC. 

jj .(moulded) (ji-j ajjS lJUI j <jjic.l jV _&1 jJI (jjfL 

— >6)-«-D-Glc-(i->4)-a-D-Glc-(i->4)-a-D-Glc-(i — > 

•ctf m£>» =8.16 Jiill 

Alginate '"nn-)l> 9.2.16 

aALA\ IjjpSjII 4_kJ jj ^cjjj .(9.16 J^JI) Guluronic o±**-j Mannuronic 
liA qj .Pseudomonas q^. pljjij Axotobacter vinelandii a tu^\ 

.(O-acetylated) O ^ AiLu^-a Mannuronic 
a^j^j ^Guluronic j Mannuronic <>aLaa>V <a±^\ Sjijll a<u*j 

<P*1\ lilii <jl (jja. tJalk* ^yk. ^ Mannuronic 

CjI jj Ciuul CyiaJY! jj .(jiA j a!iU ^ j 1 afca a ikb Guluronic 
(jialiall jjj .Guluronic o^^-j Mannuronic o^-aa. £y ajjI a^L** 
-G-G- jM-M-M-M-M- -1 JL.) ^jUI (Monomer) 
(Block Ajtiaall si* t_ij*j .aLuLJI jiljii i (G-G-G-G 
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rm>fyl fVVWi .j-oJjJ! (j-ajL^kj ^ tilljS jjjj structures) 

Ai j^-oj AjiiLa j^iS AjjI-IxJ! <d 1i all ^ £uilj (J£-ij'ij Aj^pJI t_lLicVI (j-a a Sj all 

(Drip) JaajJ ^JijJ f JJ^Jl^l £"Xal A-a fjjiVl J jla a jl LjiUJI Jjlat-a LLkj 
Cllljjj'VI -lajljJ JW^ 3 L) c ' SAiscLall CjIjjSjjiII (JjjiLua ■ luja 1^1 <jx (J jla-a 

(jjLuil Sjt_a£ AjLa CliiaJVI (jj .^ailgJ! Aj j£^s njjiu^jjj^ll ala^a £-a Ajjljjil Aj^j^iII 
.(. ja£ Jluij ClLajjjVlj isiiaj V .13 j cLiUJI 4£ja. JjjSoS 

jjC A^ilall tllVXoill jV jj iLljl^J ^ji&JI llljjajfyl - l^J ■ aj V 

t _ s JJ_^aJI (jjjll t_>aia ^^Ic- <1L^. ClsLajjjl liiliS CS^J W 1 "'' * ' " " 

jjjj Ajjl£-aj ■ . lluij UjLaJ d "I laajjiV ^Jtc- Ajjl£-aj (ilLiA (jl 4£-a j i^jjiaH 

4 aJlj all aJ^LuAS l— Lull Lall (J^Li (j-a i " li q * ^il j-all j-a £jjjI j (_$.1aJ Cjlj-aJjJ 



COOH 





l)-/i-D- t^MjjjjUil o^*^ (1 — > 



COOH 



— >4)-<Z-L- 4hjj_jJj*J1 o^»* (1- 



.Guluronic o***j Mannuronic <> i_i£u 9.16 Jiill 
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SjJjlLJI ljLjIuJJ (J^aJI 10.2.16 

Biosynthesis of polysaccharides 

^ajj^a (J£ ^jj P( jl!ij|^l] ^jj^JI (jjlaall (10.16) (J^-*^ ^^Ji 

<laj Jj3 i^jibjllLui]! ^IuitJI ^ (11.16 J^ill) JSU jjift 

j^ikJI AiiLJ cw^' c?^ Isoprenyl phosphate 

(JiLa iAjj£joJI CjI^jjjjIS jjjll J-oju (jtijlj)!! ^jj^J! (jjliall 

jsjp ^kiia cjIo!^ Uridine diphosphate Glucose (UDP-Glucose) 

.o JjUiall 4j.lL^VI CAjj£joJI jjj AjAiuj jfL^LaJ jj^I (JJjSjI Ajjlk^l AjUall 



PEP 




Ac Pyr 
I I 
(jft J P-P-Glc-Glc-Man-GlcA-Man 



tjA J -P-P-Glc-Glc-Man-GlcA-Man 



TP- 

6*J * 



GDP 
GDP-Man 



UDP-GIc 



Ac 



c 

t)AJ-P-P-Glc 



(jfc J -P-P-Glc-Glc-Man-GIcA 



UDP^A 

UDP-GIcA 7 \ ^ C 
(jfe J P-P-Glc-Glc-Man 



A 



UDP-GIc 



^ -»UDP 
U*J-P-P-Glc-Glc 

GDP-Man 



Xanthomonas (Glucuronic acid = cjISjIJU <|jj»JI Jj^I :10.16 
GlcA, Mannose = Man, Glucose = Glc, Guanosine Diphosphate = GDP, 
.(11.16 JiAll jM) Urdine Diphosphate = UDP, Pyruvate = PEP. 
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CH 3 

A / ch 

CH, ^CH 



I 3 

*CH 2 XH 



CH 3 

N x / cH2 °® 

X CH 2 XH 



.Aj^jijaJI uljUJ t/J#»JI J,' u "'" ,jk aJlfr djliall JaU AjjSjj : 11.16 JliJI 

4_La.jLaJI aJ-lxiall aJaa a] <c J^-H Jj.'^"'^ CjLLaC. j] 

(Ji ail! li* (jUaj l3J^>^ ijjj '(j^ijl jll j-'^"' AjLaxJ (JjiLujVIj 4 g J « 

l— lAaj AilLkj jc. LaLaJ ' illao AjikJI (_^k|j jljlui£j.lll (jjlaj jl tLalc. 

(jic (Dextransucrase) <uJ ^jia 4_AiJ1 ^jLk J**j .AjkJI ^jU. 

o^aL ^^Ic- li<a*J L>°J ' jj^J-J^J CS^] cs^-^' ^)SjoiSI ^jjajjj 

. jl jlui£j.lll jj^jl jj£_jlaJI Cjl.la.j 

Production of polysaccharides SjjjlLJI CjLjIuJI jrlijl 11.2.16 

jl jij Cll!ilc.lia ^ cs^ ^°J^J^' a ^ Aula] I 

j-aill e.ljjl aJ-litlall CjIj^)£.i.ii1] ^5 jjaJI 4 \\ nc- lAij . 5_j_a^lll J ja. _jj cjj^a all 

<Cj^al| 4_a.jjl B-lljj .}.l*J-all j£juill jl_)il L$^Q> • J-aill L_s3jJ AxJ J-aluij j 

lillj j 4 JAnlall jUI (j-o AjjliaJI 4iU&ll ^^Ic. J ji^aaJI j-a Aaj La-a 

^ jl^-all ^ j^-">^J^I <_iaj j JaiaJI (j^ ^£>La (_£ jjjaba (j/ 0 ^"' A Ijx i all j-a ^ J ■ 
44JI& jj£j 5_a.jlll £jl j-all (JjiaJ AjjUaJI 0 jail jlfl 4iilij ^^Ic. a _a>l£. .^a.jjll1 

.ijjiuj <jjlk*ll SjljaJI (^Je Sal La 13 ajljaJI j-a j ^-U'fl AiK jls ^JtilLjj 

J ja. j Laj^aC J 1 <aSJ 4_Lajj^aJI oJA«aall CjIjjSaJI ^llljj 4_lLaC jj 
4_}j|.lill a.lLall _aie j^ JJ^ll J v .Jajj _jll ^ (j;!?. JJ^ill / ijji^^ <j-° 'SJ^- C - 

A9 j .AjjJiJI 41&1I ** jjUa^ll jj^l Jjll a jj£jJ laj 1 iajj ( jaIH a i la all 

(jl (j^-aJ 4ia. jaII dlljjjVI (jl LaJ ,_j-ajll t— S3 jJ AxJ ^Lial ^^JjS j L aji ' al 1 oJ 
^3 jAaJI t _ s -i.JJ ' ; '^J 9 aJAxaall tllljjiuill jjjll - aJ jljjjoill ajl 1 ^ Jjjj 
.Jajoi jll ClljAi-a£ 3 a laJiuixll ^ E alt jj£l jllI Aj-laJ 
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a lalLjiij t<Jl& 4j^.lSjj ^^Ic. J jj^aail ^^ill i^lsJI jajII dlV-l*-* 

(Batch cultures) ^^11 ^ J>> ^ Alicia Jlaj V ajJ jaU 
(12.16) A^b^o jtijljll j-tijj J».l j* 



Xanttiomonas 
campestris 



J 



I 



.Ollljl) ^ 12.16 JiAll 
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Single cell oils CSC05 



SjjLdl ajij 3.16 



Introduction 



1.3.16 



4-lilaa]! JJC. <Jj i >ir SI ClAjJ.XaSI ^ (jljjiSI ^gJc 1 gJjLlSj CllLuA^l! L_SjxJ 
(Lipids) (JjAJ ^HajL^aaSI (jli I^JJ J^ajaSI Ifrlnal (JjiiS j AjSlxajSjJjja]! 

i "'V j j.;"' 1 (J- 0 ^) <a» jll ^ ■ Ai!)lc. IgJ iliuuS i lil j all ^-j 
lilliSj (Fatty acylipid) CjU^aj i(Carotenoids) CjI^jjISII j t(Sterols) 
^1 CjUj&JI ^li ^jaJI li* jLuaikl Ja.V .Polyhydroxyalkanoates 
^aj^i. UJ&I j Fatty acyl lipids —SI ijy^k* Ua l$l ijjjkiiu 
<kuil jj ^jjj (^1 j .(13.16 L&iSI jkil) Triacylglycerol lipid (TAG) 

jala SI dlijll ,j "Lo^ijjaLASI j < jAAajll t"lljS.nf-. (jj^Ia (jc **JJ^ 7* ftSI CjUjI^SI 
.oJjiaSI AjliJI (jjAJ ajoil Igjlc- (jjilaj Lo (jjj o^A .<_£jjilSI liS^lgluivU 

o 



H2C— O-hC — Ri 
O— CH 2 

H2C— O-l-C— R 3 
O 

jjj^i Jib jjjj^uliii ^jaiii : Triacylglyceride *<|ja. i±jSjj 13.16 

.{j^aJI j! aJjU» ^jSj jS ^511 t <^l jSJI ^ t R3j R2 tR1 

<;ixuLuVI AjjlijSI tiil^ajSI t(Fatty acids) AjiA^ll (j^UaYI (3^3 q\ 

iLyjai AjaJI LlJUJI ^ '(lipids acyl) J^Vl oj*-^ 

I g L ■ '■- a jpi (j^jA^SI (_^Sc (Jj aaj ^^jSI fl^)ja all (JlAjliaJajl (j ; jA Aia. dUdluiVI 
jlajl) 4 g LaSI - I j " SI I . u£ ^ .lia. J'v'i'n <lsjj^i <jjA.ll! ^jiKM AjjjaJI ptxajSSI jl 
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j- a laJaa a Aa. jj lill j ^-a j l LiA 1 g L ■ ql 3J ^11 Jj jjadj V i_a jxu j (4.16 (■ j^-ll 
jl ^jiSj .14.16 J'Suill (J J-a jjA^lS 4-=kjiall Ajjfra all Clljjl£ll ,J AjLaxll 

jjii^uia a CjjAa. ^a^fc (J A j_j&.lll j»^ljJ ^ <LiuiLuiYI a M jl lj& JJjii 

(_>a*J liLlgluL l£UJI ^jSj jl .ixj lilJaJ Lajjj .JaLlii ^LaUll l£UJI ^ TAG 11 

^>lail) l^)2l_axa j_jjj£ll t _ ? SJJ ^ aJJJ t jja^jjoill ejlc t l-i .a _jll j* A <ig n\\ CjLlJii-all 
(jxjjajj (jl ' -la j aJ^jiall AjlaJI jj*^ '* J-' L))^ AjIcj (15.16 (JSjjII 
j^ a JJSJ Ac _jiLa (4jjJ2l1I 4 Sj£ II jjj£lil) Ajjj^Jall CjljAi-all J_aaL_aJ Lujiull j^ajll j« 
ojlc.) dAj-li-all ((JSVI (_s^-) ^1 ' . 1 " 'J** 'UJ^J^ J V ^ J^_W Jj-la-all j^iill 

• TAG ^tij] fJJ jja. yi ( jja.jjjjll 



Cytosol 



r 



NADPH 



NADP- - 




1 



2K 9 



3 | 5^"--imp + nh; 

T AMP 



(16:0-CoA) A Ji>¥*k 



ljUjLSJI ^ iljjjjil (jj^ii AjjjaJI fUaAll ^ajj laJaa - : 14.16 Jl^l 
(3) 'Citrate synthase = (2) 'Pyruvate dehydrogenase (1) ii^lajj&l 
.ALLuui Amp ^liaj - NADH Isocitrate dehydrogenase = (4) tAconitase 

jJail) a j*iUa (jjakjjjjl! jiL Uijfr (5) ^j^l <Uauil jj AMP CfcJ- 9 ^' Afrja^ n £jj fn. 

(8) <Acetyle - COA = (7) ATP AMP deaminase = (6) = (5) .(15.16 Jiill 
•Malic Enzyme = (10) iMalate Dehydrogenase = (9) iFatty acid synthase 
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<^a (Oleaginous) AjjA^) ^ij*^' cjLulill ^ ^J*^ ^ > =15.16 Ji*iil 

<U2 .kuj^l ^ (uilai^l j! jkill jS ft lift .4jill\ 

^ LiliJI jaluu lift (jj^JJ^' Jliiluil jiij Laijfrj .IjJ^a (NH3) ^ ^ji^jJLj1\ jjSjj 





' Lua jail 








16.0 


Hexadecanoic 
acid 


CH 3 (CH 2 ) 14 COOH 


Palmitic acid 


18.3 (n-6) 


All cis -6, 9 
12-Octatrienoic 
acid 


CH 3 (CH 2 ) 4 (CH=CH 2 ) 3 
(CH 2 ) 2 C00H 


.^H y^UI an 
Y-Linolenic 
acid 


20.4 (n-6) 


14- 

Eicosatetraenoic 
acid 


CH 3 (CH 2 ) 4 
(CH=CH.CH 2 ) 4 
(CH 2 ) 2 COOH 


Arachidonic 
acid 


22.6 (n-3) 


All cis -4, 7, 10, 

13, 16, 19- 
docosahexaenoic 
acid 


CH 3 CH 2 (CH=CH.CH2)6 
C00H 


DHA 



^- jj (> a^. jjjx j^l J j (Cyclopropane rings) uWjjj jISjL* ^al^ <<c 
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AAiia. Ajjfra all CjUjI£]I aJojJ jj Aila~ail AjjA-JI (j^aLa^YI £J-aa. jL cl-alt .tfanS 
tAjjIiiJI AxaiaYI ClI j AjiA^I (_paL<La.VI - ' U "'J tAjaljSI CjL! jjsJI j CltiUill j al jjll 
(j^s A_^j.lj,a jj^aljl (_jic. (_£j!ia«j aIuUI 4 "J°"' i " a AjjAJ (_paLaaJ (J£jj t _^lc (j_J^J 

cLlIj AiLuiAj SjIc (_pa*jll 1 g i <it ; (jc. ^xii <Jiil j (16.16 JSJiJI jiiii) JaSa cis ^ JJ 
jUii]. methyl Carbon a_LlJjj aJj. ^'m jj£j a^. j-ij* Sjj-al J£j < jjjj£ dljj 
-CH = CH - CH 2 j\ « [(Methylene interrupted) (jAu-lL >-al? WSJ 

.(aILoSU 1.16 Jj^JI >;l)-CH = CH- 

(jl UJ tAjiA^I (jJaLa^H (jlij CjLuI£]I ^Jfl^ (jl (j-a ^t- ^^Ic 
TAG ^ Laj-aC. ol_jjll ^'-^ ViKll .Laic, jjjjj] TAG (j-a Ajj j' na a Clsl-LaS 

J Polyhyroxyalkanoates ^Hil ^ CjLu1£]I o^a i«j lajlj - ^ji. .il 
TAG c Lu] U .(Phospholipids - PL) 

Cjlxa£ j^ljJ ^1 ClLul£lli jill t_b.ua. ■ illaJ Ajli ol _ai]l AjLia. ClLul£ll ^ 
LpL <_L^ajJ (i—aLaJI Uj-jjj (j-a (ujj/ijjj %20 (j-a J^) TAG (j-a Ajuj j > »-> n 

iJi^y jji. ^ t (Oleaginous microorganisms) ajjaj 4jj$^-a cjLul£ 

i^kialj]! (j^ 1 .AjjAJ JJC. Igil-J TAG (j-a ^- ul J"'^ " ^-^J-a^ f^J^ ^ CS"^' t — 
.lia. (JSjolj Aij^)*<a A j ^ all AjiA^ll Ajjj^ jxj^ll (_>iiuiVI (jl 

sj;!^] Sjj^ 17.16 J^JI -(4.16 *>JI tSlliSj 14.16 J^l j^l) 

. Aji.J j-aj AjjAJ 

I »""<*\ La ■ ^^jll (j_jA^]l (jl ^^ist-aJ 4f._^iJI I^J Ijj^ ^ ■ «aj IjJ li* jj 

A-ajaLu-a aIuiLu cjli ajjaj (j^Lai.1 ^^Ic. (^j^j ^1 Triacylglycerols (=a 

A jajoiljj (_pa*JI UjjJaaO (jc. Ajjj^aS>a (jjij ^^1 J ds (J^joi ^^lc A^ j-a jj^al jU 

.(Methylene carbon) o>l£ u^A 0 
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j«a!jVl : 16.16 JiAll 

j^ljV) .cisj trans 4ajj>1I 

o^L^VI .cisj trans Cil >»jjjS 
ttsj*. <ji Jau-VI J«5Lm Jull\ R2 j Rl .cis W^j^ j^^l ^ 

. (COOH) Jj«S JJjlilt o^aa. 4fr >»a-9 dlUj 



Ri Ro 


Ri U 


\ / 


W 


c— c 




/ \ 


/ \ 


H H 


H R? 


AJblj £ ji Cis 


EJ-O- 31 trans 




_J 9j>ua ^ sift tr^j>*j c^j lSJ£?-« LH^ V^?" 4 »J>^ :17.16 <J£*M 

curvatum .Apiotrichum ILL" uijjjuJl tCryptococcus curvatus 
Nomenclature of fatty acids <jiU»,VI V**" 2 2.3.16 

(jS-aJ ^LajoiVI oi* j .l_i5l£]l Aijail La ^^ic bLaJcl Aj^liil! eLojaiYI cS' 'tjVUJI 

(Trivial ^Lill ^Vl (2) (Systematic name) ^/"^l (1) :<jj^ ij 
J j^aJI jj .(Numerical designation) cs-"*^ « iu^ j^l (3) j name) 

5iL fj* j»C-J^ (^-J -Sjl2a-»ll AajA^ll (j^Laa-VI (j'r-iT il ^ alia alt c-Ltui^l (1.16) 
^Ic ^jjxUaxAl JJC. al a uj » i <Uj_aia sjlc (jj^J Igjl UJ tAjibii alii e-LajoiVI 
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e-LtuiVI ^jli Jc .LjJLaxliu:! ^JJ La lj.sU2 lilli] 4a_iijj c^jA-llI AjjIx4j£ 

^11 J 1 g 4 jA.lll j'--"^ SI I . Uajp J ja. sjjoiLw dlLa jia-a la«J V AjljUjoII 

o^jli .11x11 I SJ ■ a jjil .A^LalaJ! JJC-j A^iaIxSI jj! j.lll J £-*-"lj lK-*^ - laJLaij dill jV 

o^all JIujSII 4±£ Jill 

(ColOIl) 3-aUall (JjS Jjll jjAj (1.16 Jj-l?JI Jail) [5.1.1x11 t_SJj^a jjII J .JAaII 
xSI jll j»3jll JaxJ jja. J iJjjuuVI AiuiLoil 4j jixll (jjjjill tlaljj .He Jj 
11-3 CjIsjj^jjII . ( _ s iA^II (jiaaaul Ljjlc. (_£jjaj jl! 4a. j-lj^ll jj^al jYI -ISC 3 a ■ all 

(18.16 L&iS jW) JaaII (ji^aJI UjJI Jll <UJL tsjill n-9 j 

(_£jlaJI ^iA-llI (_^<aAaJI i sja (jx A .'j""- a) 4a.j.lj<i sjj^al __>a.l Jj ^y-^J 

(jjllLalLl 4_Jajjjt_a 4a.j.ljxill jj^aljVI "7- (jj LaJj .((Jjllal! <c j«uii J^ 

^1 ^lHjluil (j^ <u 1 11 AjjL^jll <La,j.ljAll ojj_aVI AlJaJ ^ai: I all a 9 i(silcl Jajl) 

ja-Vl 4a. jJjJI jj-al jVI Xj aa 

16:0 

A9 A12 A15 
1 8:0 » 1 8: 1 (A9) * 1 8:2(A9. 1 2) «- 1 8:3(A9. 1 2, 1 5) 

|a6 |a6 Lab 

18:2(A6.9) 18:3(A6.9.12) 18:4(A6.9.12.15) 

j ill.;..! .jj-.i j i\Wu«\ fajj\ \i3J*LJ 

20:2(A8.11) 20:3(A8.11.14) 20:4(A8.1 1.14.17) 

|A5 Ja5 |A5 

20:3(A5.8.11) 20:4(A5.8. 11.14) 20:5(A5.8. 11,14.17) 

| elongase 
22:5(A7.10.13.16.19) 

22:6(A4,7.1 0.1 3.1 6.19) 
n-9 ^1-,iV,i n-6 Ai-J-i n-3 Alwlw 

(Dc-nOVO JjJaJI J; u "'t J*J 4_uAA]l (jiUaVI Jfr C£sLjxi]J Slalui 4jai : 18.16 JiuJI 

jjjla ^jc. Ajik^l (j^alaaVt ^ iu i lu i Jjla ajLj J& Elongases CiLyjj Ja«j synthesis) 
ilajljjajj iA>jJLj jLiail iDesaturases (^j^ JjIlJ) C2 SjajAiLial 

Jju A9 I jS*j : fSjJb Je Jjjj JjVl C Sjj Ul Jmu V .(^AjjLj- C <>jj 4a$ J > 
.jjit jjc J*jD o^- 43 ^ •JJ-O" ^1 J L)^l CIO S jj Jl C9 Sjj j> JaJ jJI 
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Functional roles of cell lipid AjJaJl Ojkd crMM JJ^' 3.3.16 

^gJc (jj£j (jl l-aj t(jjl£jal A^Lj (JjxuVI (j-a) Ajla SI (jjAJ AjJlfi. .la. Jj 

aA±A\ jji. <_&j-o jAj t(13. 16 Jiill) '(TAG) Triacylglycerol J^i 

(_J£joi ^gJc. (jj^J jl '(ljt-a till j.ll& jjj^ll j (jijjjJI (j^i JJ^I) Ailiallj ^gjt- AS^ 
A^JuJ CjL£j^ (jfr Sjbc. ^ (^iJI '(19.16 Jlill) '(PL) 

.(Lipid bilayer — a^. j-ajJI 4_n&.i]l A*jL-a) <jj^aJI aj.m>t.VI J£ ,J 

iJa AiljiaS) (jj^JI (j IjJ-J '^jalai <_W-i. TAG SI jj 

jl (Ajji>JI (jSUllI (jA-lSI) JjjSI 4jLaaJI ,J jl ( (Jj&mxll <J £JJ^' 

.4-jjjaJI - I i taC jfl (Jja. 4-ljjjta. ojLa£ 





O 


H 2 C — 0- 
1 


II 

-C — R, 


FU — C — O — CH 2 
II 1 


0 
II 


O H 2 C — O- 


-P — OX 




1 

OH 



4 (jjjjaji t jjliul H (JjSj (ji (j^aj X : '"j^j*' "* f ^ Ja. jj : 19-16 JS*SJl 
f JaJI H AiSj^JI APj^ta *JI dj^J La-lit . jil ' Jjj 1 ".'^ B '£yJj£ll 'J>yJ>y 
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cjjjJ Fatty acyl —SI AjjS jj 2.16 JjJaJ) 






<_j.iA.i3l 


{<— yj) JjL^ 




4ijxl\ 4j2kjJ _J j_ Sa^all 




3 


25 


16:0 
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16:1 


64 


43 


18:1 


1 




22:1 




22 


11 


18:2 


8 


<0.5 


18:3 n-2 




4 


38 


4»Unfl\l <ji4>J (j^U^SU % 


30 


11 


jjt J (j^LtaiU AjKII % 
Sj-iaiaJI 4 T 1 > art ll 


3 


27 


6 iAi _aflH 



IjjJ 1 . ulSj St Ajjic-I _j a^iuiiftll (jli lillj) _j.hS.tJ1 ^jjicj 

_jjj ^^.Ija. Jja-a (jj^ L)' (j" 4 V^JS 1 _ ajJaHj Ajla SI CAjJbii ( _ £r lc JaliaJI _j 1 J i aJJJ 
Cllj-jjaJ ___uiJJjll j^ill (Jj^ 'SiJi^ Ajb.af.yi (jli ' A ilia all AjjiiJI til! jj^jsJ! 
4 kjjj a Lol (jj^J i JjLoJ J)jV I __ba ■JJ-jjJI (jli — G-^pC-J AjjmLml AjjJtSkj^uS LlLylc-lid 
AjjoII (^jJc 1 _ Sal < _ jf i Jlojxj j (iliLa CjLijjjSVI <_Jflj (JjoiLui) <3 Aial jl e-LuixSlj 

. AjLuiLlail AjpLuoxil 

^j-jjsj ^ Ll^jjj (Membrane fluidity) *t&JI aSjj^ JLu 

_jA pLiiSI AJjJjj Ajjj ^jJaju ^-3 ___uiJJ^)ll J-alxJIj . »LuulS3 Asal^all CjLajJpVI AjlSlxi 
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UKa .Ajjtnll ajj&jII AifLJI tajiuiLall jjA^JI (J Fatty acyl SI 'K::^ 

— £Jjjoj1I f^jty L$ (JjjuiYI Aluiiui SJ ja. jjs!\ Aa.jj j^]| jj^aljYI 

Lj^aaJI li$J (Melting point) jl^^jVI A_Liij c_ul£ t(Destaturation 
(PL ji TAG jl£ *l j^) jAJ jV^I <i=>aj JlaJI I is j 

jjj L_sMja.YI (J OjAllaJI oaA Ajaa^La (j^aJj .(-lAol! (J^aaj liUjJ lSJ^ 
jiajl) — (V jjlSJI CLyj JLa) Aijljjll ll Ijjjll j (jjY JjjjaJl jAJ J^>) jjA.il! 
(_5jlui* ^jlft (AijxJI ojlja. ^ A Ak^alt) jjAaJI <_5 jjaj .(2.16 JjJaJI 

j^alj i^jj V) <Ljia]l JulSLJI till j 3iMuiJI A_nA jli ,j^Laa.y! j* (^Ifcl 
• (13.16 (J^" _>^jl) JjJ ' "J V ^ t>° UJ^ -0 L$Jfi^ J J-a*J 4 U j (A_a.jjjxs 

^gJc (Ai^>i]l ejlja Aa.JJ AjjLJI) Cjjjjll t_$ jjaj tiiUj jxs jj.uS.rjj ^^icj 

J jla J jj^a j ajc-j (A.rj,Ji,,n jjc. Ajj&j (jJaLaai) Aa.jJ jaU jj^al jbU Jj£l ^IjJ 
jj^ljl oa& ojle- <i!ljA jjfLlui ' jjJjS ojj 20 jl 18 ^^J&jll j'-" aa ll <Lalui 

(Poly- ajarl*]! <rj.i.a.rt3l JJC. AjiAjll (j^aLaa.YI ^">lj L_Sjxj) Aa.jjjx 

. JjLo JaAs l^slc JiliaJ] ajj>JI Unsaturated Fatty Acids, PUFA) 

jli tAj.uiT.VI jjj (JljlLjj iSjLaLall jjA jSI Jl jiaJ SjAliall OJA jl LaJ 
aJjJjj J _J±& J^-"*!' jluiLall j&jll AjjSaII AjaAj1I (jwaLaa.YI A rJlla 

j aSij ' . uaJuij Aj a a CjIjjIS Sac jl Ai jjxaII JjjlaaJI jxj . (Jxallj t^Luirll 
l^jjjoic.1 J AjiJjjLalt jjc. AjjAjII (jwaLtta.yi (_g jj,ul<i ojljjj jajII ojlja. Aa.jJ 
jl£ tel-utrll Aj jJjoj J jl ■ aiill dlljjlSlI oaA £XaJ (J^aaJI IjgJj .AjjlaJI 

.aJjJjjj jjSI AjjoiC-I ^Ijj] (J^-^ j* iojIjaJI Aa.jj (jwaflj jic ■ "' W J' " 

^ AjjAjII (j^aLoa.yi (jiuu jli tpljjllj jjaJI Ujjj AiLjaVLj 

(20: 4n - 6, ARA) o^ 4 ^ uj -^^1 Sjjj-all cjIjjj^I j- j^ cjIj1j-o 
jlalj- Ua (20:5n-3, EPA) Eicosapentaenoic L^a-j Arachidonic 
j Eicosanoids CjI£j* (j» j) AjlaJI ^ Ajjall Sjj>JI cjUS^I jx jj«J 
l ^ia j ja jxj AjiljJI cAjl jjaJI ^ (Leukotrienes j Prostaglandins 



648 



U& EPA j ARA <J .AjLilii ^jUijj t^l J^j t4jAgj]VI .-,i : u-,,„vi 

(18.16 Jiill) n - 3 jN- 6 Ajik-JI <_>bLaa.Vl 4fr >aa-a] <Llia]l »U>iftVl 

i ^JUiSI *SI ^ jjjalffi EPA j ARA jU li$jj c_£tii.VI Iaa> 

(Jjji2 jjalj La LJI& EPAj ARA ^>a Alia all ojjuj^all dlljjjaJI jl LaJj .ajjjfyl 

I Aj^liJI Aj....all (jla t (Antagonistic) * . i J ■ ^ a J^j u^j 'AjjliJI ajLo*JI 

cjtiljpVl cLUiJ (_pa*j ^ jjub li (jjS j! (j^aj EPA/ ARA 

.(Homeostatic responses) 



\ \ / 



Hi 



5J jL» <Gjj3 

1 



JUS « 




1 




AjILSI Cjjj ^Uj"V 2 jxaaaJI Ajlaxl j iHa til J^lj^il j-^jj talaa - :20.16 Jiill 

(iljA»-»3l <> iLyului jjc jlii-aJl ^isi) ^ j Jjj .(single cell oil) SjaIjII 

dJj c(15.16 Jiill J&l) jjSjM (> JjSIjjj NH 3 t> j£J* fr» 

.L5li AiLiiS ^yaai f UaftV CiIjas^ (g jfl ^ <jjI£I £jj ajj (<U&j^l iii ^^i^J 
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SjLsj ARA (^ill JjJI J& J' aill li$J AJ^jJI dlli J>«VI (j* 

(22: Docosahexaenoic o^aa. ^ j l-ia. Alalia <LuLi cj|j> <_sja.1 PUFA 

jj^A jl j-a ^C-jSI ,jJej .i—lLk-a&Vlj jJjJI Aajoijl JJjiaJ (J <6n -3, DHA) 
La^jl Ul iAjjaUJjll AjiA^ll (_paLaa.VI (j* IjouS AjjA^ll (_paLaa.^l qa jJC _aiSI 

^a Sjja. jA\ ajiuiLJI jjA^lt <J l& PUFA ^1 jjl JjSI 5jtuL3l 

jl liaaaJI jli& .la.1 JJJ • jy*-SI ^ lilliSj t^La^ll l^LajJa j-«J ""^ «>■%■ ...tSfl 

— JULVI ' , ula La$JsLia] jjj ( jlui£U AtLjajll ' . ula jlnA.lll 

Up^li CjIu! ^a (ARA j DHA ^> Jla. Jli sie) - Infant formula 

^tj jjJalaJI tlia_&SI jLia-aaJI jl^A ' 'A ■ ajj li& j ^loill JJjiaJ AjLaC. 

. JUJI (jLlia l alia " ^ J-lL 60 t>° JM^I ^ JUiaVI ■ . ula 

a Jjia]| 4-ila 11 lj jjJ igjL^Aj j^uLa-a 4.3.16 
Advantages and disadvantages of SCOs 

lij^)*-a jl£ AjjA-llI (_paLaa.VI j-a ^-^'j (_S-^aS a CLlLulaSI ^Ujj (j) 

<*<1 'tlKi) jj^ ejjja dA-Laaj Cllijll 2"^"J ^Vjla-a -l_a*Jj 4 jJ^J**]! jj^SI 

AjjLaJ Jjl jl tLalc. .UjLail <_a AjjUill Aj-alUJ! t_ljaJI *Ljl 4jj$a^all 

Oil Of - yjjM Cjjjll jr\3i]) 1985 f \c SJ jLJI Uill Cjjjj jrfc$y 

<jLac ^-aj j£ij {Mucor circinelloides) jiaill ^1-iaiJj Javanicus 

t— lfi all jjjj . jj^uutSlj .la.1 _all jjsll ^jl-^ (e^ Ul UjLaJ 4_a^.lj ClljjjSI oi& 

J J ■ aaSI j-a <U j j*-aSI <-ll JJ jll £-a jAt^all 4jJj_)£-a ClljJ jll (j^alij (JJiaS ^g-uLjJ^ll 

(jl i—a j^>3t-a]l (jla 1 1 ala SI jjjll j-a %70 (_ySc- -Ijjj jjA Jl J ja.j jl 
^Jc i il ^1 l^jjj j-a %50 (^1 _ja. ^IjJ 4ja.j_»-ajSI **,'JSf *SI Cllljjl£JI aJaa a 
200 j-a Jpal Ail jJ ^U-i,,,-; ^ La j-ac tllljJ-aaaSI jli tSlSj AaLjaj .jAJ J£ji 
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(1000 kg) <jla ^jjj .<c-j>JI j-a jil J£l 3iUJ ^ *e 

jS2 J 44jIaJ1 (^i j-a jj] 10000 t> <J! r^**- 5 '-yj^ t> 

.13 j 0j3jJ-a ' "'^ . JJ^J"^ CS^ £J-«JjSI j-a f.l^)a.V AjjIIiaSI 

CjLluLuJI -jSC. ^Jl CjLmaujVI ^SC. jjj La sjjAJI JD^a. dlLuaill ai& J!La ClsjjlaJ 
^jjfLlxs Jj-^) Sj^Lall Ajla St jJJj_)J ^ 7- SI (j-a £ ja£ 4 jj^jjuutSI jjsll (j-a 

jl d)lj_&J^)£ JJ.I13JI ^gJc. Aj-aLiJI aa SI j LjjJ^JI (jxs Ailla a ^1 jjl -1 j ( --v U 

AjjlLaJI JJjolJ - laAuil oJ^LaSI 4-lSa SI <^-Sjjj ajjoYI jt iaailj . (J_ajllLaSI 

j| Aj^^all dll JJlaSt (JlLa ■ "'I aK »l Salmi ' . '''^"^J SjjLaJI AjSa SI jij JJJJ 
f.ljji Ij-^ljl '-jj (J"l-jSI (jlfcil igi JjJS-a JJC. (_giua Lj-S jjfLxu 4 _ s jSIj i ClAj j jfLball 

CjUjJjouiJj AjSIc- CjliUi^J jJ^a. ^ jl j-a «.Lajj Ajjaj ^ a.laiSI £-a 
j£j AjjlaJiJI 4la.^aSI o^^^LaSI Ajla St <-llJjj (JL-ajj AjLaC. jli t<LaajJa 

^llijl jl^ t^lS^J 4 a . l^XaC-^a l^jLudjl 4 1 4_U3J ( *' 1 jl $ Aj^juj 

dllj jj£j ^j^l LSLi l^)*jj <-J.laJ (jl ■ ■ '7- Jj Ul£x (Jl j V j) oJjiaJI AjlaJI dljjj 

.4_)jlaJ (_g j-la. 

- j 1 <aSI al jalml ojjlall 4j jij all CllLul£SI J jalml CjY jla-a (jj 

AiK Jl jja.1 (_PajiJ (^ilia-a 4jJ$a-a (_lSLJa) (PhotOtrOphic) 4iUal] 

«. jjJa^ AiUall j (CO2) (J_?0^ J ^ ■ ^ " jl (JjjLuiI ^^lc- ta.ijLaSI Ajla SI Cj jjj 

(Atjjall L^)LiJ <\ ■ «aSa J aSI AiliiSJI aj l^a.Laj > " I /'") aS iLjLa-a a jijla ((JjuuoiSI 

Jajoi jJt CS J& 4jt5l jll LtiLaJI) (Auto shading) ^liJI JjS.^'iSS 4->/iVs 

O2 ^-SljV) L5J^' JjLullj tl^jjiajjiSI ?._4*iaS (_Lil£ (_pa^)»J ^^Sc. (Jj aaJ ia£2 
(_3^a (jxi 4jjl& S ■ <La.laJI j ^'j' aSI ^jjSaaSI f.Lul jj£!LaSI 

jjS jl ^t cjj (AtjjJI U!iU. (_>blaajl iji.ni) AtjjJI (Broth) 

dlLu\£3l 4jajjl jj jjiaiall AiK j>s jj£l jjJall (jjliaSI ^gJc Sdxux-aJI ^Ljj"V I 
.(L-luilla _4J^ j v taa jl jj£ _J^?-S' * ^ '*"'"',.') Aj-i«jSI jj ' ^JJ^ a 
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jjiAjj jl ' . '-^j (jjjxull ' ; 1 SiaJ jl S^jLaSI Ajla SI Cjjj^] j£-aj ^e^J j 

(j^-aa. s^Uj ehSu j>Sj iM£ Ajj^ jU [(Javanicus oil) a jL> Ojj)] 
cjjj ^ <Slii sjU GLA .(18:3n - 6, GLA) y - Linolenic 4^ j^ 1 
yyfriUjj) aJIc ^ill (Evening primrose oil) ajjLouJI ^ujll Sja j 

ojjJ (_Jj3 La (_pal_)cl Lj-LajJa (j-a) (_palj-aVI (j-a JAaJ ^ It u5 (^x-uill (_^SLi 

%8 ^LoiaSI ^jj^SI Sj* j el uj (jl jja. j .(Lajj£V! j dxalall 

JjjaJ) GLA %20-18 ^ >a]l aJ^I ^0 '-^ GLA 

151 (LjjLaJ CljJ_)SI jjjlail Ajil£ djl£ ojj-all o^A (jl (j^i ^C-jSI ^^Sc- J -(3.16 

Axj La SjjjS ^ SS uS a ■ " jl a AjS-ajtSI o-AA jl^j-adjoil jl 

ojLu ts jc.l j j. L .a. o il ^jLu Jjaj j& (Borage oil) jjiiSI jLJ cjjjl 

Jj, alja A\ j^j (jjajj JJjJI jLJ CjLj jl £-aj .oJjS-aSI Ajla ^ (j* GLA 

tojLa. <^jjjl Lj3 Loialla jj^J jl j)^-aJ JjiiSI jLaJ ^jjj jl Ul tAjll!La]l AjeljjSI 
Clljj ^IjjJ (j-a iaaS CjI jlui Clui .lau 1990 <— a3jJ JJ^VI j' ^>J^ 

. j jiill jLuJ 

jl (j^-aJ V oJ_)ia]l Ajla SI <^Jjjj jl J& J La£-a Lnjai (Jlj-a]l li& ^jiiajj 

jl AjjLuSI j J i a-all (j« 4 all Cjjjjjll £-a ojjilj-a Sjjj-aJj iLuL auSI i(_)ji3Luj 

(J*-al j)-a (jjjaLl^ ^LliV oj;ii.VI ojjASI (-3 iSJ^ 'V jLa-a ^j^)^ J3j .AjjljJaJI 

'(Cacoa butter equivalent) JS\S1\ ^jjS 4jLia J/ j jjjl ^jjl^a 

("l.^N Ljjl ISJ H_lLiX.!>LS 'ojJJ-a CllLiaj dlVjLa-aSI o^A LojLjJal (j^i aE-^SI 
ptaSjl j jVI SjLa]Ll AjA«j1I j CjLklLaSI JLa*iuil J!>Li. (j-a3 .AijLJI ^ LSjil 
4j^al ^ (-JjJiJ Clijj <-a£l^a j (jjSaJ ( _ 5 Ic ojjla jjl aa SI (_Jxa. (j£-al cdlV^LuJI 
I g jS aj AAJ^ia jJ_jiaJ ^"'^ j (liiJi (j-a ^E-^>SI ^^lc- J .jl£l£ll Ajj L_il£jJ (jxi 

V <jl£ jilall I^A jji (jSj^ AiKj) (jLlS^I ^cLu^a (j* A^jLill i'iN.uSII J ^"u„l 

.LjL-ajal ;la-a jjc. (Jl jj 
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SjLii-a <^jjjjl <LuA^I (_yaL»*$\ CAIjS^a 3.16 Jj-^l 
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AjLsJI Cj jjj ^IjjV AjjlkJI j^kill 4_nail AjIUJI AiKll j-a j\\ Jc 
(jS-aJ tJj£l!illjj .AjjLsj A 3jja I - la J ■ al J3j < ~ J i aJ <jl (j£-aJ Cjjjjjll oi& o.SjS<a]l 
4j luifoll j M i till j til JjJ)il Jja._a-a _jA La<a (JjJail 4 m a Lll_)-a IgJ (jj-^! ij' 

.(4.16 Jj^?JI) lg-L^>l 4-v m\ 

|j* jjn^Tnj tJ.lx]l <1jIAj 4£.jILa ^1 Jc ^ .'JJ^J ^]l*JI 

AjUjoui JJC. AjjAJ (_paLaa.l Jc AjjUil! dljj^ll V (j^ .4_ui jj_)aJ! 

4_La JJ_)a. "Lj^J *— Sj^>«-a]l (j-a3 ( 18 -^JJ (Jjoi^Lui till j oJ.l*ia 

^ .(3.16 JjJaJI) (22: 6n-3) DHA o- aJU cjUjl^ Jc. 
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%10 (ja (JSI ajle) 4jJaikia CIjIjjIuiaJ 4_n&.JI (_paLa^/l jj^J (Cj^laJI ai& J 
.^iat-a axJ (J^lj lf-3?" l]^-'-' 1 '^ J •(^^- a ^V' (_paLaa.VI (j« 

(_>i£*jl _a ajjI jjaJI cjjjjil ajjSjUI <LjLll PUFA J JJ SjLi^l 

. ,_aJl (jjl^l a U,„lji a^jjl^Jj (JAIJJ J (C jAilill ^Ad^V 

■ ■ llmj lilliS 4illL-a Lajlj tJaSS ejibtx jj£j V 4^1 s Jij^ '-^J 
Jj^2 Ja^a (_>A*J Lgjla (_L^VI 4_J-ajJ^a. djjjjll Lai .4ja»lia]lj Ajil^jLaJI (_UjI j*JI 
Cljjj £^J JJ iS^^iJ ■'^jjA^j' (_paLa^/l (Jji^J Jc- AjjJi. J-aj£]l tlH^' 

^pA^jl .j b B ' 1.1a. Liic. (jj^J jl j^-aJ '/-jA^ll i^ya aa SI ja ^■J 1 ".' -laxij 
• (3.16 Jj.laJI) m j AaAlaJ ajl&J (j^-aJ t_l jC. j-a]l 

J Ajj^aJI -UjSJI *L<ul taJjiall AjlaJI Cj jJ jl AjjJaJI Ajliill [£.lUa jj 

iaia Jc (_5jSaJ Acjjj^ ' I gj^<~- jJajjoi a c_ijja ■ llaJ (jlia jlji. 

^jjlall AjCjj Je eJaJjoill 4-}jl£-aJ Liajl ^j-^Jj t(4-)jla.l AcjJ^a ' J) dAjjl£]l 
^ j AujjojtJI j 4-jj II CjIjjaxJI JlLa AjIuII CjIjjLJIj Clsjlill AjJ alaj il » 1 "I j 

ei& ^Aaa>j t^^ajj^jaJI dljlill ja 4_ajli]| ^jajjJI 
Cllljliill) "LjAilaill jjl ■ taall jj-a <Uj j»-a]l ^J^j^' AjC jj J ja. dlUjjaJI (_p»*J (_5 ^3 

. (tllljl jJaJI J <a« Jj 

^j^u] jl ^ ■ ea j^aal 

I j^, (jj^iui tiaaa ^IjV j» jJu juVill Sjja jl laj 

,| lilia. Cul£ f.ljjoi 4ja>Lia]l L_SjJall (jj j"'' "II 4_i<i£ ^-^jj ^-J c ' _J^I 

t Slla) jjL^all jjUJI J^Ul^VI Jla ^>Vl J-l^ AiU^V 1 ^ 
AjiiJI djjj ^Ljj (jj^J '-^J ~J"*~ all *S^Ljj V (lilLaxubU JjlaJI \; 1 all 

jl ojlj j (j£-aJj i^JC. jjll (ja Ida. (Jlfr j: 

.(jjjjjJI 1 111 ALla ' J A£-Jj^iJ ojy^aj (j-aliil 

Current SCO production Sj jLJI UaJI Cuji JbJI jrUftfl 5.3.16 

4jAllai]l Clsjjjjll (_>u3Lll (jl io!)lc.l j£i LaS j iSjjLall AjliJI Cjj jl j^-aJ 

I jxjoi a^jlill lilljj tA^lajJ jaJI Cjjjjll ajj^a a^jli CjIjjI jlal |jj JaSS 
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.(2005) LJU^iu^j 

Arachidionic acid (ARA, 20:4n -6) LaA jLuA^JI j L^a ail jli* 

jjjA 4-i*aI c >Sj .Docosahexaenoic acid (DHA, 22: 6n -3) j 

^Ic jpa-all oJjLall AjlaJI Clyja l-^-Jj i^liajll JliLVI J (jJj^axLiJ! 

(jLlia I itikx <*l^jll JUiaVl ■ . Ijla Jl ^LjVl o^A tjL-bJ DHA j ARA 
(_£jja_l j^ill JliiaVI ' . ula (_paje .llaj t4j£jj-oVI o-laiaJI ClLlV jll J j . pistil 

%70 jku, J l^I liA jli <2002 r lc LL^ J ARA/DHA 

qa jl£ ^Ijjj i_iujlia (sjjISj dijj ^1 ARA jl DHA -^Ijjj V 

4 1 nl mil JjL) aLjL PUFA dJZL* V ^tulla j^l J cjUll 

Jfr (_5jlaJ Ljj! (j^i ^C-^l (J* 2 tAjjl JJaJI J il ' Jl ^-l..iilSLl Lai .(18 <j* Js! 

o^A aLjUI PUFA JjaiLuj Je Igjl jda.1 (_g jli.no (jl VI ' (jJJj-iiAaJI (jJ^A 
(jl L_Sjj*a]I (j^i .^kiajJI (JlilaVI ' ; ula Jl I gjal ■ >»V Ajj-uU-a JJC. (_gAj t^ialjS-o 
LjAajJa (jxi tfl-3 (j* 9 (_>iaLaa.l Jc- <_£ 1 4 i ^il tiilLajoiVI tlljjj 

Eicosapentaenoic acid (EPA, 20: 5n- Jc. ij jjaj l$i Uj tDHA 
.EPA t> JU.j DHA —j Jc- Cjjj Jl ^Ua jli li$J j 

jLi Jc. 4-iliJI (jjAJ (jxi aJIc- CjLl«£ j^J-j J^ **JJ£ a all Cjlijl£]l jl 

^.Ijjj (cill (jA^Ji j* j t 4jj|ii]| ciiVL<utLu^U J^aiall (jA-ill) Triacylgycerol 
Jc S^j .DHA jl ARA —j 1^ Jillj (jL-jVI 

.AjjLaj ^ Liia ao3 l&jjjlaj j^gjll 4jj^a-all Cjljjl^ll oi& (j-o (JSV 
(20.16 lJ^^') A^LujVI till jiaiJI (jjij SjjLall AjiiJI Clljjj ^tijj Cl) jUr. (J^-aa. 
(jljij ^Ljjll ^Jfllill f-lj^-j lP 3 ^*^ »Jjljj-a ^La^.Lj ^lal (J- 0 ^ ^5^1 

(_g jJa "j A;}iail Clllj A^iajj^a. <&jj-a Jl J jj^aj]! JLa. aa 1 <aj| j aa all 
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.Ajliill JjiJI (j-a CjjjjSI aajjit AjLaxJ A g J a AjLsC. jLuiiLl£jil at iklml J 

(illil Aj^jLous dlLuSj at lallmt J l^ijjSI ^JU«-J 

.AjjLiill Cjjjjll <e.Lu^ ^ 2 ^ jaajoi all 

L^-lSI aLiliV I ' ; laJ ^glill Sj^Lall St Cjjjj gjt i aa aAl .laJ jj 

Ajla SI Cj jjj dyj JS jl .4_n&.jJI Igj-iaLa^V AjujouJI jjc. AajaIojI A u 

^J) ARA %40 i> Jfct Jc. DHAj ARA _i ^1 itjJi 

aj* qa !il£ jj . ^Ijllll ^glc- ("Li. J^j-a jj^al jl Cluij DHAj ^A^jJj^a jj-aljl 
"LiAjjll JjAJ 4 _ s j1I a^jgiSjU LtSj-a j_a£j (jl (j-^-aJ 4^j.3j«all 

(j^JI LaK t 4-alc 'ijj^ .(Off flavor) aaJall j^u j (Rancidity) 

ClsjjjSI oi& 4lal*-a ■ ■ laj I -U i aSI I-jjjJ . Ijljaiuil (JSI jl£ j!i£l ^AiuLa jjc. ^^iA-llI 
AjjjaJ! 4lj£ll £-a c_i-oVjtHSI t-laJ La£ tA^JlaoaSI j g^t aHmVI (_£>La>. atj J-li-J 

(_£.UI ^gjA^SI (jJama SI jj i a£j ' . ii=>gj t a^l aliuiVI 4j\^r. <_Jj3 7- all (j-)l-Hj 

IjSlkjK '--JjjSI <J*-?^ AjuiLall dlt jJaa St (jl ( La jaC .1—1 jC-J-a JJC. a*ia J] (^.jJJ 
4jJaikia 'ijl^a>. J dujllj 4j_4iaJI 4lj£SI jj^J 4<C-JjoiJ Aja Slat^a ' j a 1 aJJ 

ta^VWl La Ulc. , 

Jj3 jj gllaSI (jjl^SI JjSj -iL^aaJI (_Ja.ljja JCiLk ^jiiSjSI CLljlill ' ■ '"'7-"' Ijlj^jli 
P^JJ liJLiA jli 2t ■ aa SI A*J Lkiij j Lja. jJL |j| 4jV tl^a. a£-a gllaSI (jjl^SI 

AlljJ J»j (jAaSI j dljjll) Ajlkl^SI Lp_^a> ,j^A£-aS AjjJiJI <Sj^1I jj 1 aSj AjI^C. 

Ljajl jiijj «u£S j Jaaa Cjj jit ^Lul JISj V <-a jjj — Oxidation P 3 K.J jj 

j^Li. jl^aall Ajjjij (j« jjj-^ L^j^ -^jjyj y_jl' , S! C ' ls^ (J-l>,Vuj 

.CjUlLoall 
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ARA - rich SCO ARA _j ^1 U jLdl cjjjj 

(jjjjj j AjJiaJI AjlSill JLa-a (J (jjlaUJ] lilA ARA J AjjiJl Cl jj jll tlul£ 

Jj3 4 I^j J j . * \ J-ijll JliJaVI Ajiij / j ARA Axa&l Aij«-a Jj3 j^la. j tS.ll.JC 

j ^ ■''•'< iS k. Unilever a£j^ / J cCbJa* Laic 40 o-a 

(jlj (lilaU. jl£ 4j| .ia. j) bljijcl tARA J 2_uill d jjjll till i Ajx jJjaJ! j.jL«ax3l 

<xa JJjaJI ^ Jjjll JT^V <^V jU-a liliA CjjlS La£ .^La-ill jx j& ARA 

Cjlj'j£-a jals <Lal.ikiui7 Lion Corp 2£j^ iM^ ARA — ? aj±«JI 

CLljjlaiili Jjjjlal! ' ll ^ a I 3 j£)j t jjjj] jLa_a]l (j^i g 2 ^1 (Jjxajll jx 

.la. j .jalj .ARA J i_g^ ^ 4-xfrall CjlLiLall CjSjC Lalla. J j£j i a all ^ (— UJa 

ai^J U nifl j ARA jrljjj j^lc S j^all IgJ SjL,^\l CiLjjIaajl ^ -1).j*jI jl 

jll A^iiall Ji£l Aj Mortierilla alpina jiaill ^ .* CjLjlaal! 

l^ia jlajj) ■ ji-iqll IjlA tJSVI LS Jc t2_L aala dllajljua CIl/Ij LJla. .la. jj 

Suntory Co. Ltd j« (jUJI ^ U.ia.f) ^^Vl JjjAl! ^ chj^ 

Lat (Wuhan Alking Bioengeer Co. Ltd <Jj3 <> cb^i ^ '■LnC^i j 

DSM Food 4£j^ 4Ui.i1 jj) AJLaJill LlljJj '4jJjill WjjJ es*^ 

ajSj^VI S lalall CiLV jll lilli o*jj .12 j UlLki] (J Specialities 
^1 jli tcjUJU-all si* jjj (> .(Martek Biosciences £-a ^sj^=- 

AjlaJ Cl jjj (j^i %95 (j-a g-^" W^J t - 'Aj-aAl ji&YI ^ DSM IjJjaJ 

.Ljiui Aa^lall ARA i Ajj*J! aJjiall 

(jjiaj J ja^sJ ^) Mrtierella alpina <> <Ikjaui aJXj Ci& jj 

AjJa 11 djjj CjV^-uj ^jfl-N — AjjI j_all 4 i u li^ 11 lIjLuSj -i N-^'i- ..1 j 1 gjlc. (J j - aaJ) 
A^J aa a II <*jtlLa JJ-aaJ Cjljl_)a. ^ ^IjjIjj Al^at-a jje. Lllla. 4 a jaljuLall oJ^iall 
(^Icl j^lc J j . aa \ l (j^a ^>iJ . jj] 50000 ^^ic. iijj g^lgi ^a-a. ^^Ic Jjj-aaJI 
<jLaC J^La. (jjJJ^llj (jJ^jjlill (ja (J^j jjl jaJI (_jic. Ja3 < 2 '<< ^ > AjlaJI 
4jA«j]I <-alLj AjjliaJI <jli.^U| Ailj£]| J jj-aaJI Jla. ij JXaaall 
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(jja.j jjjll a 11 la all <_ijjlall si* illaj dl >dml (j_jjj£llj (jSl '(jJa. jjjillj 

Vja^a j* 7" all (j_aJj£ll -I laliml 1 jaLuU 4_i£lj 4 jail! 4jutla jjaflll 1 "J V '"'J^ 

I ■ ajl (14.16) > *\l jJajt — (i-J jCj-all j'io\tj jjja-a jAJ oU 

jjxll ii-aaj jLsll AJJJaJI 2 fr<lt i jA-JI ja Ajal£ A^S aSi jjj LalLa. 

'(Filter press) ^j^ll 4JacLia J jaL^JI ^ j£ja!I jjLII -I vm,„lj ^jjli 

.t_iiaj j,j 

jA-llI (j a^l aJluit <ulac (Jfruul CjUjS (J£jj Je 4ilaJI AjjjaJI 4li£ll x aaJ 
^aj (j-aj 4(jLuiSj^JI <UI jV jLa-JI J] (J olaljuiAlt jA.lll (_yajxji .(jLuiSj^JI -I laJluil J 
I— ujll dlK 1U a ( L jj .AjjLill ^Jjjj^ 3-a.laJjuball AjjSdll (JjSjj jlLu 

Bleaching = B '(jjj^II) Refining = R J\ csill RBD j,^ J 
(^k. dj^l CjU \1 1 all si* Jaxj .(a^jIjII aII jj) Deodourising — Dj (j^aall) 

• TAG <*-a l^-^N^-i.,.! ^2 -ill <_£ ja.YI AjkiUI CjU jlall (jx ajjajuall CjUaSlI <lljj 
— tj'jjKll (_>iaxJ .S_aa._jl ^Jf ' ') t _j_olSl jL^al ~V*^1 '^-y^ (jj 

.ajjAo a^jI jj J jjLi aAi jj j ^Ul (RBD a«j Ja. ajSUI - Caratenoids 

AiJa jl j-a CS^"" ^ _£aJ ■ ■ Ifmj oli.iiS'vll a jlLa (fl jlaall ^yjll (jl (j -0 (^"^ CS^ 4 " J 
ClLaJU-all J^lL \ gjal ■ bj all (E (j^a^) a,li..iS) Cjbh>i* jl UJ ta,l...iSVI 

<U£1! AjUaJI jlajJal 

DHA - rich SCO DHA _? 3j&A Sj jU UaJI Cjjj 

Aj£auiI! J^L^q all j-a DHA 4jjLaJI CjjJ jll j3 jj aC. jll Jc 

C.I jiiaJ j! Ul 4(_£jjjjJa JJC. Jjjiall AjlaJI Cjjjj jJjlaJ (J-^J Ua-a (3.16 <_S _oAaJIJ 

111 . j xJijaj]l JUiaVl ' . ula AjsLja)/ i_iu:LLa JJC. 4j| ^^iau EPA ^jlfr tiLu-ull Cjjj 

DHA SU AjiiSI eJjiaSI AjlaJI Ci jj j] ,_jjUj1I ^rljjVl AjjSaJI aAA i"iU"nnl 

jjj iDHA — U WljjJ Ajja^ill Ajj^all cLia.VI jt t_aj*J .EPA t> AjIUJIj 
JxuXJI CjI j PUFA j-a jJC jilt (jjiA (JjlaJ jl J^JJJ -EPA glij V l^=«J 
.(ajIIc. <a.jla 'c5') 'o^jUll Ajjaall '^JJjllj ^?J^ <-K^ Uaiij^ UJ^! '■^ ^IjJ^all 



658 



DHA 1 Aaajxll Ajjaall ' "'^..'J^ 5 eljjluil (j£-oJ 

J (TAG t> cj\+& ^1 jj V Jll) LjSj UJ ajjUjII iriUiia-V! 

(j-a (jJE-jj aja ^aJ .12 j . (a^ylel Jijl) sjJi-a Jjkia (jjlaj CjUjI£ Igjl 

jjj^jji 4 I-i.dI jj) (Heterotrophic) Ajiijll aKu'u at jjll Ajajia. cAjjlill 

dsjjjl ^ ajla dsljjl££ l&jjjlaj ^Jj . (AjfLlj-aVI a lalLall ClsLV jll J aila 

U^jjjSjj J ja. 3.16 Jji?JI J^i) DHA J Ajjill aJjiall AjlaJ 

LaA.ia.1 '^JJ^r « 1-jllaJa (jjjjllll ^£ (jj .(AjjA.jJI j^Laa.^! 

(LuJjS iMartek Biosciences a£jJ; aJoJjj j'jL Crypthecodinium 
jjkJ! iSchizochytrium jljll U <.(Dino flagellate) CjILjjouiII MD 
ajj j]| ^ Omega Tech Inc., Boulder, Co 4_kJ jj 

cjjjll jl Ulc tDHA —j Luc ^ib Ua!>1£ .Thraustochytriales 
PUFA ^ jj t> ja.1 jia*^ J& liiJiS ^ jiaj Schiozochytrium ^jiall 
(DPA n -6, 20: 5n - Docosapentaenoic jAj l-i*. ALjiall aL«LJ 
^jaj ^£1 Omegatech Matrek a£j^ cjjLil t 2001 pie J .6) 

.jjjj^jjjJI jijlgJ Ajj£all Aj^lallj 'ajJaJI 

(DHASCO) eJjLall ajLl!I cjjj ja C. cohnii ,y» ^jiall y^li jj 

Jjjuill (j-a %95 j-o JJ^I UJ^! J .£ju<ajll JliiaVI ■ ■ ula ^JC^J J - jalmball 

ja L£ C. chonii £ jjj .DHA j ajj*1I sjjaJI AjlaJI cj jj jl <^U1I 

JJ AaiaJI <^A AjLaxl! aj^l AjjoiJJjH Ai-oll jjj i(17.16) Ji-uill fj ^jJajA 
p.Lo Aa. jLs Aa.jJ q\ .AjjaJI AjJ^ a all ClAjjlill I.JA eLajV Lg a '^ a LS^jj Jauj 

dAjl ja. J Ifl J jalijiV l^a. Ajllft (C. COhflU 1 AjaUjlall AjjjII jA j 4 jaall 

A-aMla CjV^jj JJJ^j pj 1^1 jaII ^Ijj'j/I J 41ax1uia1I AjiVjill j-Laaall 

tAjjjlaill Cj)!^Xui\ JJjlaJ Clsljlsj ^lOalujlj) Aa.jLall ALIS Aj&jj JaLuijI J j-ajil 
(j* (JSI Ajaio jj£l jj J Ajjlaall ^lliVI llAjlaC. «.lja.lj ^•Lajoill ((_5ja.l Sj-a 

.^jjll CjUI> J bl£b ^ibou Jll jjat JSII 
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J___ L_L_i tARA —j Aaiial S_ ji»JI ajLl!I <__ jj jll <1L_ jJ La£ 

4_l_ll J. —a* t_Jjli___t a__il j"-^ ill J i-JJ^ J 4jj;iaJI 4Jl_ll __bji__a 

. (jL_i_a£jl -I laJL-it j U^"**"'"'..' l&axJj ' L&a- *j A-ilj^lt Jj^a (j-a 4jja__il 

. (JjlLa j ja~» Cataj (jjill AalLu^jJ DHA J 4aii_l SajLai'l 4al__tl C^j^j (jj 

.__Laj_iVI ^Jjjj LjJ ' ° i affi _S_]t L_ 1 jt-Jjal\ JJC. (g-Lajj-l -» Sail a___ aj_l_lLl (J»J 

Safety of SCOs Sj ji-JI a«j 6.3.16 

ajjaj 1 ; t4_Lajjji. jaL-a- j-a 4 3J uj a Ljjl Lajj toajaaal I '""j;^- ■ ■ Ifmj 

3__a__j tjljuiVI JJ LdDUaJ <_Ua 4_aj SajLaJI 3jU.\| dljjj ^Ng".,,,! 4_a^L_ 

jj__ aa tli jjjll oaA (jli t<_Ilal 4_>a_i j !£___jll JLUaVI ■ . u_- _j_iL__l£ 

4ajjj__l! _llL_ljall (j-a aja*JI L^aic. lS^)^ • 4_-a_a-»_u_l AjjI^xJI Clljjjll 

. jj_ull (j-a jje_a___aj 4ajljJ_>. ^aLaj at la--J J 4_si___l CaL-iljaj 

Aj.fl.Mill _llL_lja) 'ia^Lall ojjj_j! ^^aJI CjIjjjIj (j_a_j___l saA _jjjj_J 
(Jl$-uiVI (j-a 4aojL> _$l al . jAill (j~ (jJC. jlalx-l J (^jus^ill 

4ajL__a) dujjii (j<a laa. ajJJ^ Cale^a. sUoE-J a*J 4a____ill Aaal Jl _ja ^j-va-jl jl 

.(o^ill^ 100 Jj- JJ 
Future of SCOs Sj jL-» cjjjj JaSi_*» 7.3.16 

Jt Laj (^jlaa (jAl Jl _all J £&a_l jll aa J__l 4ala It <_J jj j £}-aa. jj 

Jj .^liajll Jlil-Vl <-ijk. J l W Luij -r jjiall *__-_> (jj j ARA J/ j DHA 

JLUaVl CAjk. gA_-a_ __l£ij_5 DHA/ ARA kjla iiKigluit jj t4aaaaaal 
qxA j t(_pa_)3tll oaaaa (jjj-ull (jl CS^*^ (2005) J' aalt laA Ca_j J t£j__JI 

sAalolt CliUVj^t J aAjaa. ^ i ea-o pill aJ aa3 (<llajt oAA ^ja ■ <aj (_}a.Vj <a.LaJt 
tUj^Jil aal j .ARA — J AaiiJI j DHA — j AaiiJI tCjjjjll ^ jj M£ j-HiV 
(j-a alxu AjjjjjoiII Clil jjoij^ill (j-a (_jia a^Ja DHA It Aallxi AjjjjjoJI i_jL.hI jalt 

j]_L__a SaL jl j-i>a) aall J Triglyceride <JW--I ajjjj_*ll JLJI _$ ji___t 
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t> iA jSjJ jl (_pa jii-all 

.a jjlajj Cj jjjll o^A ^^ic ^lall ■ . dlall 

IjjlaJ IjJjlaJ 1.1a. <ljjla <LiLi Cllj (JjaJ PUFA JJjiaJ t*Hi£ jS-aJ 
Vlalal AjjA^ll (_paLaa.VI JJ^I jj . L-luil Lall glLal! (jjlill (J aja ujj Alia. ^-3 
.^iA-llI J^-^ 11 ligJ (jl jlJJ .EPA _*A -laui jlall jl M^J^' (JjaLuiaI! ^ JJjiajll 
Jj-a Aijlill AeLLall (j^al^al ^3 <lL«*lajl j£-aJj tClLlLjjlVI .l»-a Ajllxi 

S i la AJUill jl dlli£ j^jj L«£ .(Arthritis) ^-i^aLall l_jL$jSYI o^j* 

Cjliukill j* .i_llall (>aljJ jUaa.1 j* Ailla l_AaJI AjLaa. <_L«J EPA 11 

f Ull J^itVI j <iHa all CAjlL^ll £l jil 4aJU-a EPA —11 <_S >.Vl S jAall 

(JIL ^ill j jUaj^Li LiUal Jaijjj ^ill j-jJI Jl j$ll j (Catchexia) 

^ jyLalxll aj.13 _jA tdlVlaJI si* ^J^-^ ,j j ' ^ lalll jl tLalc .f.lajll (J-ajS 
jJlill j EPA jjic cSjlaJI eJjLall <ilaJI Cjjj IjI j3 jtui c? l& AjjJaJI Ajlsall 
Ijajll j^lj ttilljS EPA ^glc (_5j!iaJ (_jill (j^ajajll liLaj-ull tliijj AjjlLa j-odll 

.lie l_£ jLuLalt lal jjaj jl J ala all JJE. j-a liLajJI Ciij ^3 DHA 11 (j-al j!Lall 

. jjillill ^gJJ dl Jjjll &1A Jj-a pUacj 

Clljjj ^Lljj jA isljiall Ajla II Cjjjj ^LijV 3$ a all Cjlljlgjll ^)j£l jl 
AjjLu jll ■ a» j* lis. Aljjla Jj-uMui Clli PUFA ^jlc 

jlL_a-a (_j-a mjluil PUFA II slA (jjlall A JjHaall Cjliiall £;Laa, jl .LjjIjj 

PUFA —II ^■LaaJ allcj ,.3 Ajjaill AljJax^ill jl jx ^E-jll (_jlc-J tAalia-a A^iajj^a. 

Sji 18 i-ili PUFA L3jlaj SjIc ^jU",,,r, ^ cjLull (J Ia?. aIijLI] Ju^Lull Olj 

. Ljl (Ja. ^1 (Jjj^ _jll Aajl£-al (_pa jlLall j* j^lj '0 a ^ " (_jA t JaS2 jjJJ^ 

lia <Ljla JxuXjo till j PUFA cjjlaJ (J Jc SjjlS dltjLij j3 jj lie ^gla 

Lliljj ■ a "II dlljLull S^A (_Ji-a Acljjl OJJJ^ 4_ajlLa lilLiA ^^iii jl j£-a<all j^i 

jj .(I-Jjjjl 4j^La) Alnllj jj "II j jjal^Lui^all jj3 j^i • I gjl aSla j£l jl/j 
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Jc l_±a. jJJ tLjjl jj 3_uijjg-a]l ClljljjJI ojA JiLa jjjlad] 4jl9jja]I 4i]£J| 

.Lliljj (jjiJJ^-all 

4 °J°^ ~ Jj aJ j-Sl iUjla LLaj Sjjial! AjiiJI Cjjjj dlSjaJjail < i od^l J 

AjI 4 Laic Ijjjjoill tgjt3 Jc lal °^ u 'sjaIuia j _ag-a. 4 -^1 -» lilliAj tAjjl^j 
.lj j a i a a CjU Cjjjjl! sjA ^L^j (jl jAjj tJsVI Jc n_jjjall (Jj&IuiaIIj J^-^-M CjSj]I 
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Introduction <U.sjLa 1.17 

(JaLsj Igja jgjll AjdJaill CliLuaj ^^Ic ^alj t^jjJaLaJI (jjall 

:<_l^l j-a i ail 4 i ii V» \\ ClluiuiU 

.L_ljJii] <tajb all sLiaII J <aJlaua j ^LaaJLul • 

. <_sjj^a]| alia 'Lajlauo • 

<jaL1I dLjliill Jllall Jjfui (Jc llg-ia j alajllj 3 At all dlUUill 4_aJl*_a • 
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(Off (jjU^all j> 5jxjaJI CjI jUJI AiJU-a i (Municipal waste) 

•gases) 

J] j J l^jj djj^ ^Murphy jjjlil jj 

jl elj^-ll j-a oLiaII ClAjjLa JJjaJ (J-*- 0 JP^I UJ^ IJlc- t(_£^)i.l OJaJj 

C>° "lJ^" ^'..'.'^ dlLiaJjl jlui^l jj ■ <aJ (jl ■ . '-^j . Ajjiill J A^Lajj ojj£jJ 

Ll^jl jJill AjLj^oSJ Aijsua ■ . lllaJJ [JalSLall Jj^joJI ^tg-ill IjA .(J^^t (J^J^ 3 JJ^*''" 
Jc JJ-laJI jj .S.^T ,n\l 4j-ajJ^)aJI I " )1 » ala alt JJ-uJ 4(_>sai.VI (Jc-J '^/'..'.'^ 

^ iajjiji jjjiaj Jj jii t^jJaJI jt ajatll <lL.aLa jjjj Jc-J '<_1^ ^A^' 

1 g <il g a (Ja, (j^i jll t"4jlnll AjjjaJI \ja._a]jjSl3l" J l§-ilj jljij to.li.la. 4-ic.l im 

; l^aAlj t jYI pistil '^jj ^ j'j.'^ U^^H ^ 3 P * " J AjJala-* 

. jjjjVI ^ aHuilj tAjjJaA^JI jUa-aVI • 

.o-lila-all Cjl-llfallj Clbli-allj 3 ja j Aj3 jaJI oLfall f.Uc-1 • 

.ClsUijJI qa <aUall j \» al laluil jL*j (Jill Cjlaaiall jtajlJ • 

.^LjjjII 4aJl»_* • 

. jl jJaJI ClljJI (jxi (_^salaj]l • 

**.'JC ? mIOI jj" i «< (jjj&ljj^all AjjjaJI jgjjSj jl jya. J 

(J^aaa il Jiia La£j jjlill j^aJ J^-J ' . 'J*^ jT' '"'^ ajla ^1^1 ^Lt-aJI 4 . >i\ j 

tAjlnll Aj&I *'■ all AjjjaJI ' - Jj ■ all t£-^-aJ dua\jjl»j| jl 'SjJjll j tjilll 

111 .AjjC-^^aII ^>&l_&]all ■ : ' l i-*-* (Ja. jjj^-"'"'jj Ajau ^jlalj jjliJJ i(_^^i.l Aj^lj jj-o 
,1a. jj ^gjll ^Jjgf alt A^-l' Clljjl£ll ' Lj i a jjj Jjiajj Jjc 4a.La. lilLiA 



L? j«jj 4ajU=ujJI «v>VI oljjjVl (J 1 gjlr. ^ijUiJI tiilaLuJI ,jx :(Murphy law) ^j-^ jj^ii ' ' 
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4_L^lnj l^al^aj 7- all CAjjL^ll a A* aaJ ojlcj j^-a-all ~ J ■ aj La Vir- 

S UV'i^ ,» dAcjj ^ CjLyaJlj CjLuI£1I JLkjj o.l).Ia. Cllljjjlaj 

oj^S ^^C L-Ui aj La -li. ^1 (jL-U 'iAjjLsJI ' lit JjJaalt 0A5-I ^J-axll ^uialJI 
^ic. <Lao]ajjil -ijjall L_ UjluJj i'oLiiJI .llS LS \c ^gic Clllkjl ^gjll ^JJSf 

.(Biodegraded) Ljja. L^likj t^Vl ^ ^1 cjLiS^I JkjJ s.ipa. 

t^Lajlill jiJjI^J! t— iLac ala a CjLo jiia. ^ <La. j-la ^ J ■ qj sJj^JI ' " >' ^ s ^ 

Treatment of wastewater ui j-aJt dL« 4->1Ua 2.17 

(J* jit) SloJt fUu Aku.t jj ^Jl jfSl 1.2.17 
Aerobic treatment by the activated sludge system 

^jji.j] jJjJt (JlaJSlt c_aj r-all oLlo Ajiiil I at ikluit jjSVt 2 jlaxll 

lj3j2 .(eijjLul} 1-17 jUaiM jJail) 2Lk!iia]| sLaJI f Lki ^a ^1 jA^UI 

LjJjfcJl *\ja1\ + 0 2 Ajja <Li+ C0 2 + HN0 3 + H 3 PO, 
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(_Ljbu2l : (J ^al\ tJ >ua2l sLw 4aJbu> :1.17 jUaVI 

i*j ) ^ jSjjull (jj^iSVI J& mIIJI :(Biological oxygen demand) BOD 5 

_jA j .fgaj all ' 1 all ol_La ^3 3 -3^oa.^o>ill 

.4_lxjAji Aj^iia a <J^)aJ ijjjia Aj^JaaJI ojLall (Jlajl 

ojjt.^i ^ ; nK« ) ajx _£jaJI '"'I- aa^ll :(Mixed liquor) 4 jala JjI ^ 

.5_kALa]| sUaJI ^ La «3 ^jj^jII (jl ji. ( SisJI 4jaJ djLuLill ^ 

^Ua ^ l^Lai A«j 5-kALa]l SLaaJ ^ 1 — - ,J 4aa jJjaJI aaall : (Sludge) SLaaJI 

.uiu Jill (jl ja. ^ ljjjj jill jjc. (Purified effluent) staiall csjla-J »U» 
aaLisJI AijaJl CiLjjl£U iajLi 1$js Sua.: (Bulking sludge) ** SUaJI 

A , '^N jj^Jl aajll L-lb ujp Ai-aJ La-a 

Uiiu ^1 ciiljij J) ^jjjj^il ^L^jSjjjII Jjj^II : (Nitrification) 

1 " )1 iaa 0 ^ i^^-J^ J^l U^JJ^^ 'SUJ^-' 3 * jlaa. Igjl .4_j-lij]l AjjIJl 1 ;j/'< ill 

U^jt jjjaj . N2 cjI jjill ^jljjull (j^jikjll :(Denitrification) 3JJI 

JLa csj^-' lei jjl (jSlj tljjli. O2 <p uj^j <JjL" : (Anoxic) tl)j-> > nSSfl o 3 *'-' 

jJI jiiii JjLo: : (Anaerobic) t^j*V sjja.^ jjSj J\ Cjljiill 

Jlo <JjJaJI AjjUaiS3I CjMtlijll j t jL all draj Redox S^ljaJI (jj-iS 



^La 0-1 dll J Jj£ ^ Ajt^aia]! tUjijSjll <laj-uljj «* "^-» a ^ (Jcliall I^A ^ii 

Ljjj^J! ^-a all (JjIjjoiII Jjiij i^ljjSjJ AijLu: Ajcli-^a CllLjlij 

(jc Jj-^aijj2 AjjjlaJI 4 Sajml_aj Ajjii£j]l ala all (Jj-^aS ^aJJ ' lua ti—LluijIill jjlj^ 1 
i_s^ LjJ^^' ala^o JJ^JJ t _ ? lc. ^jijjjj t(1.17 J^^) ^iliailt 5ijLuJI CjUliill 
Ijjj^jII aLa^o -j^ i a jl^aluil (jLajJa Ja.1 (jx J^lj ^\ jc. 14 jjlajj V (jl Ajj^iill 
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AaIxjj .Ljja. jJ^jj <Aj_agj]l (jl j^ ^ ^j?- ^ Z - > \ Jt zl (*' ^ CS^"^ 1 ) * J°"' — ^ 
(J ^41 jj (Jt^jj (^ill Jja^jII J^a-al gJa i alt jLjlkVt ( _ ? lc. St cIjVI 

(_LJ ja Llo jJ 3 Sala alt i_Sjj^a]l (Jj| jjoj (j-a jji (_]£] BOD5 5 — l'O JjLLj 

(AjjIjII AjjjJaaJI jlj-ail (j^s X +90 Ait j] (,5^ (Jj' o^itj sLaaJ] ajj ■ jjS (jLuJa 

100 

J j- aaJi (Aerated tanks) si j^ail cjUljiil si* -"- ■ euj jit ^jjJI (J Jje 
j£La! JS3 (Mixed liquor) 3 uu J i_ij^Jt Jj| (> jil 100 ,Jc 

.(Individual) 

1 jm lJJ2>\ ptjjl Ajxuj lajjiLttit oLaaJI AjLmJ Aj.mL.uVt ojj-ail (jj 



JJa BOD5 "^?JI (Effluent) t_sjj^1 0 L>a ^ilL ajc jj ^ t ^!5Uil 

yjLu j .AjsJUJI o*j Ajsjlall (jjjI /^la <15) CjLjji-all j-a JjlS j (J /ila <20) 
• (1.17 JjaaJI) CllLuluill (_>a Ijjc tiillj £x> iAjLmil ojA 



A_aiajt jijj .^t.nll ui^flit alia AjJUuai AiHi^s CjLlaC AjjLLi : 1.17 JjiaJt 
Jjiajj . t-ijjfr sjc <jjl*J l^iSi j (Uflj^It aLu (jiUa (j^ o AjCjj A hniinlt SLa^i) 
SLaa. jujj j t jjjSj ji^ai CiLila ^Ualt Sj ja. <_Hii AjjLuojI AjjjaJI C^lclLail 
jajj V) S jJfcuaJl AflUail Cjllij j AjflLij o Jaa UASB vl^leliait f jSj j jjjSj J3j 

.bod 5 —it Ait jj j ajji j*it j| j^it Ait jj <> Sf lis jSS ujisi j <(ajj$j 


AjJI >5Ut 




AjJt AaJlxAit 




W UASB 


(i) MBR 


5 U.uiaII ^1^.11 




ajUc 






Ajiila BOD 


aJIc 






Aj4iLaN,P 






AjUc 


Si aa It ^tjjj 






>a 






t j^. S >a ■ ^* 






4 in^ll ^'J*'* 1 




t Aa. o^yj^ 


Aj3 jj^jaII 



.(membrane bioreactor) ^ jjaJl a USUI Jclia MBR (I) 
.(upflow anaerobic sludge jgU^I JsjS ^Ij AojIja^iUI SUaJI aUae JcLL» iIJASB (lj) 

blanket reactor) 
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(jV J jjaJI (jj^jjlii!! 4j)JI £a AJaJiiall SLaaJ ^ji*u1 uWj*"" * 11.17 JluJI 

j| ,>«JI SauiSV til jjIJI 4iAill liUsliJI j»jiiuu tSliil ^Anoxic) ^ja^i^l Jj^M uLV*^ 

t^Jjjj Cj| jull j^il tr^Wj 'Lu^'j tr^ J*' lA H^iJ^J 4j>aadl 

ij^l AuiSbj tjaiUI ajj^jJI &lji . Denitrification: &*.jjul\ gjj AiijJaj (N2) 
cAjjlill J^aa .^IjaV olja. cf*! ^* J*** 3 ^ cr® '(Nitrification: Aj jjj) 

j<a JjAll ^^V' -9* is^ ' ' L - ^JJ^' 5 " * " cs^ J^a^l JjjIslSI j) 

i j* 0.3 ja. ^ly BOD 5 _JI j> ^IjC. ji£ J£ (SJjI jll oLaJI 

dlLajJag^o a-ijl jll al aa SI ajlA 4 7- SI ■» a ^JJ La ajl&j . aAjl jll 4 ll ■ all 61 aa SI 

^^Ic JjoUJ (fl J 1 ^LaxuS Ljj-a (j^alaJJ ljja.lj i ' j 1 ■ " Ua i4jjl jAV 

j^iUaxs jl (_pa I ^^^C- eLaaJI <j-a alajSI (jj . ^aJaj jl ' 4_JC I J j (_>ial jji 

jj^a alaaSlj 'LjjjI ^-k All j!La _jaj lili-a u ,-il iJLa. 4jI ^^Ic. iCjLAiill 

I SlaaJI 

^gi <lalj jl_j<a j,.'"' '—"^ La .la. ^gJI ^a.1 jjj jl aJjl jll eLaaJI lA^J 
^1-aLa-a AAjS^ll AjaJI CjUjI£1I JSjjJ V 4tlLlcli*3l a^A Jla ^ . <J_j^ill jlja. 
^iajai ^gJc 4jJjc.l (illj ,_^a V^J (J^J Ljj^lj iAluilall aLaaJI ^»Uaj ^ La£ tAiL«-a 
AlUll B^A tajLaLaJLi 4jj^l aJL^s CllLlj-ujj jjj£!il jij JlSj ,<LaLaJI jl j-all 

cjLuja. jj£jj J i(Trickling filter) (^LSjll ^i^alLi Ajj^ill jlja. ^^ajou 
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a jl .(Fluidised) Jj^-all t_ya jail C^llclLa JUJI La£ i4-aclj J*j 

4ial^all ^..'JS a cllljjlSlI jV (31 aLaa. ^tijj jajjtiall el aaj AjLmlS CjljjjtLall 
^JJ 4ja.LaJ| (Jlaj La-o t^^jl j Jilajl Cj.la_l dua <Jj£j]l jl ja. J jial ajja] ^^ajJ 

sjjI jJI sLaaJI 2"tjjJ jl I j^>> jJ -^j li* .(Settling tank) '.'j-'j^i jl 

(_£}La.j JJJ^ (J^iJ jUa.VI cP 3 " .' £-^J-\i <— SjJ>^a]l aLlxs 4_aJL*-a dll iaa a ,_S 
^Ja&lall £-a (jjil jJJ Cllljjall a^A jl j-lllj .^Jll i ill ^ x • <ajj (Jj^j dlljj3 

Jiull) aUaJI CjU-a^j ( _ i Jc. (^iijj ^1 (TVaw elinguis) aj A^ AS jl.mli 

jl.ll.lll a^A J ja. j jlj-aiuil jLajJa] AjjLaJI ClVjla-a]l dja^aj Ijli .(2.17 

Lkiuijj l.ia. liijl ji jIj Igjli t(Mixed liqure) all l-sj^I JSI 

.SJjI jll aLaaJI j^i (j^aliall A SS uS a] 




(iUjaJ 2UU .11 uij^all Jjl^u, 4lk* 4jj$a^l AjsJI CiLulSJI ^ula-> :2.17 J^l 
.aiii j§ .cjU a->MI sja L? ifr ^juj ,_jjJI i(Nais elinguis) SjjJ .4hini«ti SUaJ! 

(Eikelboom ^j#1SjI 

JclLall (JSaJ J9 jl£ S^jl j]l al aa SI ^Ijjj ' "'J^ j-a La^-a I jLaj) lWj 

(4j cMBR J&U- ^ .(MBR) J (Membrane bioreactor) ^UiiJI ^ j^l 

j<a Aj^^a-all tlAjjl^ll J ■ a3J AjjjfLLa ^JjoijS 'a.la.j 4 lajuiljj L-Uuijjll jl ji. jl llL-ul 

j£aj t^Uajll Ha Jla ^ . (Treated effluent) ^JU-all J^J t-ijj-aJI ^ilL. 
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j tAjj^lill jl ja. CS^ cs^" -J^" i^l J 1 "* a "^ Si aa SI JJji ejlcl 

1 , V-a-^ j « aLaaJI ^tijjj t Ljajl 1.1a. Jjjia 8l aa SI j-aE. ~ J i aJ tt_Sj^>laSI oiis 

_J1 Jujlill a^jII sj^lj .(J> BODs al jc jLS / ? Ijc.jLS 0.1<) l-i?. 
«(J51 /U jfc 30 Jl J^) W sU* J\ J_^j]l J MBR 

,4 W.o^l al aa il aUaJ <ja 4-laa^a Ji^Vi CllV^x-a -I laHjuil J ^uJ l5-^I 

ja jjt > r\ f. ja. ^^Sc. Ajlill i Uj» , U„ MBR lllLuiia f.L\j niSJiS <ajjjj 

a jn i r-ill 4 a i aiSI s^A .^JajiiaJI al aa SI 4 laa a Jj3 j-a 4jjlia-aSI «La.LuiaSI 

.(BOD 5 >2-3 g/1) i-aj^j oL^a ^jjj jsjSI tiilcli-aU 

<_i aUaJ j/tiUI AaJjlaJI 2.2.17 
Anaerobic treatment of wastewater 

4jjl jjaJI s.w^l Jla (Concentrated organic slurries) j^j^l ls j^a*JI 

4-Jjl jA^iLSI ■"Lajlai aSI jl ^^Jc ^laa.VI <j^£j •Lg auu * a ^^ i— Sjj^aSI aLla "a Laa. CllLAij j 
tiiiSi ^gJc 'a j^Xc-j .jjjt a»JI (JaaJI j-a X 50 (j-a j!i£l JjJJ V il t^lilaJ 

ejiaiSI ei& <j£lj . U^jlc. ^LaJC-VI ^ ^ 4<L}llc Sjlja. CjLa.j.1 ■ ■ liLjj 

Ajjajll (jVI ^1 _&&!>UI - 1 SI ^Jj^alj (jjj' f"iS alt jjJ^iatSI (J^La. J;!^ (J^ij <— 
4jiuaJI al aa SI al lazuli J!>La. j-a j sjj^all aLlal <*JjjaJI <aJUi alj eAaJji/ill 
50) dlMtlLall 1.1a. AjJIc <JjJa. ^SjS ClI jjSjj (jjjaJ jSJ AjjI _&&!>13I 

JJiVBOD5 20g) l^a. AjIIc ^s-aaja. Jj-aaJ ClV-l*-a J lalailj ^a-aLu 

(jjaiaj ^1 'a^J^aJI C^leLLaJI aj a! > <aJ jj .(a jJI ^ JclLa 
aUa A t> Si t a <jlaall j-a J«^" jVI Ajj-UaJI 'aLaaJI (Metabolites) ClLiajJ-ail 

lsJ^p- (0-3 - lOOg BOD 5 /L) Luji ajj^jj <J\ l> 

,<2jJ_a^i 4Al^)laJj "Li_»la ^.J-^ 55-10 (jJJ ^j'j^J 

(Biogas) c5 JJaJI jliil ^LuV AjjjJaaJ! CjL£j-alS ^jl jA^lSI J jaaSI j] 

(Jjlaal Ljjjj!Li1I jxs ^ alia a dllcj-aa-a IgJ^La. (_L«J A^jJlLa AjlaC. ^^A 
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t— il jaJ jJI ( xJaaj : (Hydro lytic acidogens) jLaJI Jkilb j^j^* • 
L ysL i *S}\ ^Ja^j : (Syntrophic acetogens) Aialjlail Ajidl a&J • 

'H 2 J CjtkJ J] AjjA-llI 

CH4 J] H2 j ^tn-VI J : (Methanogens) J1 Jj^l • 

.(^1 jUll ) C02j 

ifJJ2 (J^j l— UuJ) LaLaJ j '-— » lgjJa*J Jc ojlc > j/'"~-J J 'f " ji.1 .j-aJ*J j 

(Methane association) .cA^' ^J*- 4 ^ h£\ j^j t^nlLj 

(J^jjj A lV<< ^ ilja (J£joi Jc 4jjI_&AvUI oLaall 4cljj (J^-*-^ W,"^ L>W^' 

c. I Joe VI p^j (jj .( 3.17 (J^JI) ' "J^ cJi^l dllalla (jx IfcjJC j H2 

ajj^JI CjLjjl£ll jL<aj ciiia. i(Syncrophism) j-aljiall J (^jjU^I 

Jj fr(fi jail ^^a. jljjJI Jjjaal! f.U!il <La.lla]l ASUall ^uilij (j-a ojlc AjjljA^iUI 
t— laJ AiLLll AjL^aLall -UaJjuiJI Clvlclidll (jjSaJ <j£-aJ Jtjjljj CO2 J CH4 

(-21 kJ/mol) J\j^ sl#kU ^V1 5iLUI ^ J jai jSIj t ^.U5l ^jji^l 

JJ"''-"'! A^llall (j-a ^^Vl .lall tjjf^ <jl • (J_ja-a jl 

X«j jl i_i^j Syntrophs —II "^S jL jlinJI jlc Jl Cili jjjjjJI 

.(4.17 JLill) pH 2 'H 2 1 Jj?^ ■ ^ lia. All^a Aiiaio 

La.lic Ja33 > 21 kj ^lll CjUjJJjJill (j-a .laJj J jx JjjaJ jl 

Uill pH 2 ^jj^i/ <pH2<10" 5 4 atm) 
£<ij La^jc laaa 11a j . 10 5 atm <jUaj I ■ ~j j& j -21 kJ jjIjjJ jllj-a jlc 

(Jl dllijJJj jj j-a (J juluila (Jo_jaJ Jjnaa Jo'l^J itua 1 0 5 atm J ja. pH 2 
Jjjaal AliLax Clll 7-1"' jdj ill ^JA^Lalml (j£-aJj .jljjya]! jlc Jj ClltLluiVtj ' llAj-Ujil 

V^j (Formate) cjLajjall ^ 4 jl^»ll jlc JJ (Butyrate) CjIjjjjJI 

4jA«j1I 4_ial jLa Ajall dlljjl£]l jjj (jilUtill AjtJjla ^3 jl . lujjILaS H 2 jx 
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Lja. jj ^ ajliiuiVI -jU.-.t Ajjjjiia j <j*jua ,_a (Syntrophic) 

i_Sj^aSI al-La 4aJl*-aS j&!>UI CAvlelLa]! aJaa a (jlj .Ajj! _jA^>Lll AjjJaJI 

(33aj (Upflow anaerobic sludge blanket) ajjI 4^Lks slaa. c£l&LLa 
Ui^J! 0 Li^ Ja.jj l^ij .(5.17 JUill 'UASB ) J *(Upflow) 

ja!UI LjjiSJI j> jjSy (Sludge bed) slaa. J ja JDLk <> 
J*-a9 .(60-80 m/h) ajI*J1 Aja. J*sun jsl..u cjUua JSji ,J Aj-aUlaJI 

f- J)aJI ^ £SJ JaJ^a CIlAj (j-a (Jj^ali ^ «.La]l j tel aa SI j 4(_£jJaJI jUJI la-lla 

. JelLaSI (jxi (_£ jLtl! 

AjjIj^JI A \\ . j 4jjlia <__s^)x<aS! aVlA 4jjIj&!/ISI 4aJl» all 4jxuJJjSI CjI JJ-a-all 
Cjja. (AiUall <jiaiadJ ciilgluiVI j i(0. 1 kg/kg BOD 5 ) e Jji-^> slaa. jrtjjj ^ 
4jjLLa .ijS <_J£S ^JJ-a j£-a 0.01 sJlC ' » J_'» ■ <aSI Ajj^iajVI AaLubait j i4jjgj ^jSj V 
fJJ iiiSJj ^Jc. S Jlc .(1.17 Jj^?JI) ^Lk^laSI etaaJ ilAl S £jj,a JLa 0.05 — J 

.(0.35 L methane/g BOD 5 ) cs i> J^i ^SILB ^jjsJ 

Jl Ji jala JSjij JaiuLl 4jjI jA^UI Cj!^C.lLaSI ,J BOD 3JI jj Jj*-» <jl 

jl (Jim Jl«aj I^Aj . 35 C ja. ^ AjlULaSI SjljaJI 4a.jJ j 20°C L$ 

.Lie 20 ^Ijs. iia AjjI jl^l (jLUJ ^ jl£ UASB Cj^-lLa tjJjLj Jjt 

<__ajj-£i]| oL^a AaJla-al JaS3 UASB CL^ftlLa ^"...1 iAIjjxaJI (JjJalL&SI ^^is 

^ jjjSI! ^j^I jUJI grtLiJ jLqj dija. (> 2g BOD 5 /L) SjS jj 

^joj_4^ JclLa ^g-ajjJ La I^Aj .10 C ^^Sc ^gja. Ajliall Aj3 LaJ 4jtijj-a CllVAai-aJ 

(EGSB) (Expanded granulated sludge blanket) WiaJI sLaJI «.Uac. 

(j<a (_J*aJj t5il!ia jlial JJ-^ aa SI dAj-li-a]! Jaj dlV^«-a ^jiaajS 

.4j.lit.ftSI (jjlalLaS! ^ ^gja. LjI _aA^ ■ a]| L_Sjj^»SI olxa 4aJb«-a jjaA^SI 
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kjLwuSfl calcliiH <> Aiuilu, :3-17 Jlill 

iUaJI fliafr Jc-LLs ^ JllaJI Jjiui { Js- 
AjjIjaJI ISiaLLllI jUala £>a ujilc-lijJI Juluu 

Acetogenic LjjjSjJI .lJa> 4\JaiLL> pH 2 
Methanogenic 3a31>A j 

Ajj Ja> Ja ji-^a Ciau H 2 Jaj J*-sj SLula 3 
2 LjiSJl :SAB .a*li£ JSi 

. £jti^ Aaal^l Wj^l :MPB -CH^3i 



i Jciii : propionate -+- 2H 2 0 

— » 3H 2 + acetate -+- C0 2 

uijftli: : 4H 2 + C0 2 

— > CH 4 + 2H 2 0 




JWKJ 21< 

Aku.ljj CjUjjjjjJI Jjjaal a jaj AaUaJI ^ H 2 _! ^jaJI Li^l jjjfc :4.17 JliJI 
yJI H 2 (> <j^»^ LjJJ%il (jP^ 1 Jj^J (i (J ft ^) i^aJI Aaal»JI Ljjj%ll 

(10~ 5 ^ J*) H 2 _J ^jaJI Jaualt (> |ja> Jj^a jUaj ^fl Jaai .(lj Jetfj) ^Ijj^I jl© 
(> ajljld La Ajjajj (jt-ajjj La^JI ^1 .AjjIjaJI ILuLuj]) jllaia £y> AjjLsjI cjitfrUj 3tm 

j| >»S <> 21kJ/mol) 
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jUaj ^jJe ^^*.n « (UASB) JeL-a ^IjAV aLaa. ^Uac. (>-u.j :5.17 JiuJl 

slid t^UjSj s jSj^JI i_ajj-a!l aLu 4_»JIjla] <Ujjjla2) (JjialiaJ) ^& j 

^jjjj^all ,j^2 lillil j .SJjI j aLai. ^tijj JJ lillj £^.JJJ t(N, P) 4jjli*JI j! j-al! 

ai* t> jjjJI 3JI jl JaJ j> (Post-treatment) aI^UI-ajJLvJI s jLi. (jjfkj 

V ^1 ^a^UI Ljj^lt jV t*13Ull UASB cjUii JIL BOD 5 

Lljii^JI (jl / 50 (j-a (Jsl jjSjlj _?^J^ Aj > aj aliaj 

Aqj'q-s (jj . Jjl / ^la 10 (j-a JSl JJ BOD t_>aa3i (j* <Jj£joiJ (j£-aJJ AjjIj^I! 
oAm^jx A Jj ■ <aft jl_axs I ■ 1II3JJ A^jlill ujj ' a °^ " ' . lHaJJ 4-i.jjjll (jj^ 

(j^i <Jj.1j ^1 jj! ,jc. Ojia. (! AjjI^oA^I -JjS a jiaa.ll J CjjjAJj ^ll) 

. laHjmiJj t jj_aiaj]l A)3 Lilla _a& j i^LalA^/U JJJ-a <Jj.lJ A-aJj .4£^)UI ClliaJl« all 

V AuiShj NH£ 4 jt ^Sa s(LjIjaV ^jjj>aVl a^uoSl) Anammox Jc-ljj 
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NH]J" + NOj -► N 2 + 2H 2 0 AG°' = -358 kj per mol of NH+ 

all j&^UI "UjLuII dllila all jOmiSj (JJjia jc I^A j 

JeLia ^ & |j.la-a ^ jaj aJ tilljjlj ^1 (JjaJJ Ajjja. AjjIj '. ^1 a. jli J-oVU 

i 4iLial (jjAaj ajj^j t^j 3ja.UJ! jj-ij cj^slj Anammox J&tij 
Sipa. U ^iij Anammox J&lail kill (jjuLoll j] .e,iu£j^ Ajjj^ac. 

jlc. ^jj^a»JI jjjj^ll j-a l^joil «"l n IxjIjj 4jjI _cA^iUI a ■ ag 11 AjLaatl 

I^A al-laiuiLlj .N2 (_gJj yj^J j»J^ J^il .J^- jTj 1 u * SI jja.jjinllj jllLall 
_ A , U.a^ \ ^ 4 iK' i ]SJ 4jit\I t-jjj^all a'llA ^gJa. UjIjAV ^-Ibu (jl j^-aJ ' Jj ' "I 

Laj t^gjjiall ly^all <_sjj*all aLlal SjJoLia]! AjjI_»&!)UI <LaJlji all 
4£jJjola]I 4jjI _agJ — 4jjI_o&!>U! (JLall (JjjIj 4juJalj!La ^ji i a^all ^ jl ^ a all 
, ^J_)ll (jlal_a& (_>a j*J (jl 4_LaJjjai Ajlnll <fcl L alt ^Lal&l iaia ■ ■ I laJ 

aUal 4jjI jA^UI A^Wt all ,J 4ja.llall (j-ajill .IpaJ <j (jx£j (fl laJjll jli i^ljlLj 
. jJLaJa.V AjialLo alii .Ajllxll 5iL^all 4 ajall4joi.%l (_£jla_all 

Development of engineered anaerobic granulated sludges 
(biocatalyst) 

till j j Ajjl aj£ll dllfcl L all I * f cs"^ AJj*ia3t3l ■ 111 ;^ j all jl 
jl 4jjl jA^UI ajJa^ll a j$aj ,J Jks^J V (Xenobiotics) AliLA\ AjjJaJI Ajtulall 
■ j£j all 1 g llfia j . <Jjl _jA^AjjI _a&V Ajutila AaJlat^o (J^la. [JlaJJ 1 g jSlj iAjjl _j^ll 
^gja-j t^^joil a.ie (j^^ijjaij ^^jll jjjM jl jjliill j t<lL^JI (_Jjl Aj ^-a Ajj*ia*ll 
(j^s^ J .tUlUSj^ll a-l^-l 4 LS a al aa 11 ^ J i aJ (jl (Jj3 CjVI^II ^j'"** .' ^ A-i»^ 

Ullc. j iLaLaJ jl _^all Jjlaal Ajjjjj^all <JaJI CjUjI^II ^Ijjl jj*^ jl Ji>^ ('j-^' 
.LaLaJ j i x aJdl ia.lj ^^-ajj^ja. p _jj j-a jj£I aJlfla oil Aj&l L all ^1 _axill ■ ■ lllaJJ La 

bMr n\\ li all jl j>ill ^^ajlj^jll (Jlajll ^Jjjaiil «La.ULall till jLiaJI (jxs j 

dlV^Lui ^-a lilli ^aj j .<lmlla a j*La. Ajjjj^j dlV^-uU ill!)lc.lLall ^Jalj _a& 
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J jjj2jjjl£]l ^ > n1 jl CjI j jjjjjjl^l! (j« Jj^^ cs - ^" o j^la 

JjjL JclLal! Cija*1J ^jlalll jl j$-laj .(Pentochlorophenol) 

j^ j -(Jj-y 3 jjj^' (j, 1 j J l j .3-4 JJJ^^ ^J^" 1 cJ^j (jr^ cJj' iaa M lA*^J 

Cjl JJ-a j!>lj]l jLi5jl (jiiLuil Liajl jlLaiJ LaJJ CjV^-uJI jjj L_s!)Ljj!>11 ' aj£jj| 

.iLaj^LJI <Jsjj ' ''J^-^ jjlail] (JjJaa! ^3 A *\£ <i A a.La SI cJ*-?^ I^Aj cA^Ja ■ all 
Sjjlij .Ajjj^axJI i— ll , ja»-«II J jljjj (Jill AjjI _jA!iLll CjleLaaJI ClljjlSlI J&lij j 

aJjIjaJI (ja a , ^.-^-^ CjIjL^jV (JjUojJI £"ilj jSljJJ ^ 1 1 -**' " a S <Sa a cSJ^ 
j^i La£ t_l jG-J-a 4jjlj.djfajJJ dll jLui« lIiLl^ILojI ^| < '1 j «j£ jjj]| jLuLall jJjiu 

jJj^J jl AjjI j&!)UI a jjj j-aVI SioiSI j i4_ajl jll A£Jj£ AjJjVI CjlilxsVI (Jlaj <SLa. 

.(Homo-acetogenesis) ^Ulall jfeJi\ 

Development of performance - enhancing additives 

<Jl£ll (Granulation) i . maall J^U. <j* AjjjaJI <i&]| ^liiLul a^A; 

<jc. jj ^^-Ic- (Jj • aa » (JV l>° ^ j' 'UASB Lia. JLa-a ,j (_g jj^a ajaaLj 

(_£jliJI til j£-all (j»j (j-a t^j-^l jLaj^ia (J^ L>° '^P^J '^AJ?' l — SJJ^ t^^ 3 

Clsl j AjjI j&!>UI Ijjjj^jJI jsS i . UaJJ 1 j»J^Ut O^jfi jA j iLa jj 12 7 jJJ £jl JJ 
jjlallj till J-ojI jJI AiUialj ajj JJa. ^.'J.'^ j-aj jj^ aa3 (jjjlall (_J JaJj .UojVI j-aill 
• ^JJJaJI jJj^J ^ c^V"^ " CjAO^ Ji^ ^ UJ^i CS^' t ^aJajJ I iill jlj« jl 
j-aj jiij ^^ill t CjU j£joi]I JiLo t4jjoiLi*]l tllLjait-a]! Jj3jJJ aJJ (_5J^.I Aijjiaj 
(JjLi (j-a (jiaxJI IgjJaa j £-a <Jjl jA^iUI ' - & jjja 51 iaJJJ t _ s jll Ajj^Ji-all CjUjI^II 

<jV! j^ tjjiaJI (j* jjjj iiilil (Extracellular) 4-jjik ^jUJI CjIjaJjjII 

^gJc ajjla oLiail 4-aclj ■ " ll sLjaa jJjiaJ i4j3jjj-a jjSI UASB lja.jlji£j (J*r> 
sUa JLk^j CjIjjS jl i^OjJI Clljja ,J 44-ajLu (J AjJJJiJI al aaJI JaliaJI 

. SjjaJI A i <aia ' a L-9jjL<a 
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Water recycling sUaJI jjjJj SjIc] 3.2.17 

<_Sjj^a]l oLlo (J1.aTli.nl ' (J J^J 1 " ch-allt AlljlLall oLvall (_>*aaj sjj«ia ,j 

Ujj .ailll jLJI jjI ji* ^UiaI <!L^a (Reclaimed waste water) AaJUJI 

liSLi^i AjftljjJI ^gjJal jVI (SjJ -^"'■■■J aLvail jj-a Ly- 4 ^*^ teS&^lmVI ^gjS jl 
^^L^ Ly 5 "" - * 3 ^ i— SjJ^all oLj-a -1 lalml ojlcj IgjS aJJ 4_LaLl]1 (Jj^JI ^3 ClVLiJI (j-a 
li& (JlLa .AjjI^iJI Jj. al a all qjj ^ axilla ajj i1.1a. ojjj£]1 (jAaII ialaJI 

1J i u "11 tllLujjjjallj 4_Jj1.li]1 (Jj' tal a all Clljlj 4jjl£-aj j_>*^ <ilaJI (jjli-a aUaill 

ciiLuaj Jj^ jj]1 <J Ijjj£ biaj JSA; La t(Prions) dAj jjjAj jl c^lj-abU 

1i* ^ j .P j N S-WuVI <1I jj (jj-^J 1j^ ■ 4j-a1 oil* ^lljV 5il£-a jje. 

.o^jli jj£1 (jj^J ^3 iAila-a CjLljl£-a1 ^1 _jA!>111 a ■ <a^ SI ' SAj-ail 

AjjIiiJI j| jxll CllcUaS Jla tAclu^ill jA oLLall jjljll ^lilUjII lill^luwJI 
AaJUca aJaJl jJ_jiaJJ Ljl a a^Aj .(3j_^1j jjuiiallj (jjl»-a]lj 

.4 qU ftll A qK 11 ^Uaj Ujj Aj^aLa. L_sjjy<a]l alxa jj jjj cole) j>a 1 g aj aAi^a. 
4_i]lc a 11 . « O iio ^Ljjj ^j]1 2jjLia_ajl ("iIjI^tH j^i a1i.ii1i.ii al 'iV'i. nl all tiolc j 
AjjLjj AjL a£j i * >1 11 » ^ Aja-jljjJI dlLaJla all jj.) o-lle Aluiluill ^ aal .Aj&jill 
L-klljJ Laliaj ^jlUI U^H Jjjlij ^1) ox - laluij c Jlluill (J^lui .AjjLjxjS 
(Deep-bed (J^**^ ^">J^ fLlaJ £-a AjjI jA j AjjI _&a7 <aibi* AjlaC ,j-a 

11a Jla jl .^juiSJI ^j-aUall j jjjjVl jlc al^LluLi j^iajll j tfiltration) 

i_lLicV1 CjljJXaj tdlljJjA JJJ^IS Alal£ll aJI jyl (Jjaaal (_5jjjjJa ^t.JI aUaill 

.Ajj^all cjLuI£]1 j (Antisprout herbicides) jjjII s^LjaJI 

dl^a.lj ^3 . oLiaII (j^ 1 LUa 280 ' ; 'H-'j jaSI (j-a ^a.lj jjja ^'u (jl 
A^ajU "J."*- ii3 j^ll a^i ■ " '1 Saa a ^fl oLiaII o^A JJJ-5J o^lc-j ^1 "Lwl j]1 > 7- 11 
sLball (j^a X 50 j-a jj£*1 -I laluil AjcI LaAic ^Jjjoill sLaaJI aAuiL 4 U i'Vi all aLaaJI 
ojjjjJa ^1 J;liij 1-a ALaLaJI Aj^j axil ■ " '1 J all ^IjJ <-^i '^SJ 

Aj-ajJ^jall dlLallall ( _ 5 Jc ^gla-j tAjiiLall AjjjJaxJI ^lj-a]1 ^^Ic. ^lllall ■ " ia A] 
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■ . Ifmjj .slxal! Sjlcl (J^ L>° W^ 3 l — a^JJ^all slj-a A^Jlxxi A aJajl (jjjatai 

^1 jj| m,.< ij j jaL.m (J^4 _JJ«J<a3l ^JUaiSjI "UjLjJI CllLjliill l_u£jj 

. (6.17 JSiS) *J5UI CjULlJI a^JUJ <Glj 



[ 



Ozonisation », 



— * ; 

gr j. nillj (JjiSI A£.Liua A - ■- La^oJ^aiSj ud^l lift sjjjj^-JI lalaa - Jt«ajJ :6.17 J^JI 
t Jao aJI J^xloii eJjaJ 'Uilfr ^ a il * a sLm ^jl] i_ajj^!l aLu £jj * Jri^ ujLwS JjjsjJ 

Sjiai. f-Liil AajLUI 4-aLuJl iIiUS jaJI <UljV Sjjj^Ja ilil jka. <_jAj i(7« s/fw) jaII 

.(Ozonisation) CsjjMk 

UA ja^JI sLl4 4a3U a djUai-a AJLaji 4.2.17 

Automatisation of wastewater treatment plant 

AjjLall JJ j*JI A£ j^Sc taLajfrl «SatOI 5_LaL 2 , ~\\ pUga all (J ^gia. j 

JljLkV/^till (>l£ J (DO) LX!?-"<Vlj CT^JJ^ fSJI lP- '^1^1 
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sLaJI clka-a i_ill»3l jja-u^Vl CjLu^ ^iVmn j .(Redox potential) 

jil /iio 2 SJJ^J DO lS lst^ JaliaJl Lu AiUall lidfrij JjISjI 4Ja.uU.all 

ajjjj-aVI a luial .Il^jI (Jl jlia,V I /a ImaV 1 jj-a£ '"'1 * a laJiuUj .4j_agjll (_pa ja. ^ 
i - ll uj3 »jUj,„\I t^UajSl jluil 4 jalj .Ajiuduull 4*3.11! Cj^IcLLo ,j Cjljiil! <UI j\j 
j| jxll j 4 Jji^ajll ^ Cjli>Lja.VI ' LjSj V Lg-iV l4IAj 4jjLui dtila a ja. jLajJa .j 
^jUuj AjIUJI SjStjxll CjLa-ijl jiJ J «<" . ■ jl ■ ■ laj lillil . 4jLa*ll jsbl j 3-aLuill 

CjLiajjl jlul jijj U^ SjjUJI jjj^ll ^ijjjj ^^£1^ ^jLaj 4<xoLiij <jjLuia. 

j-a I j n a Lalgjoil 1 ; '^''J 4_ix.lj_i.Jl ^iLcaJI -I laj i -I jl . 4jj_a 4.JI 

.jUurtmVI S j$_>l 3 UJ jj (On line) ajjUSjII 

(On- c5 Jjsll ^LLnll j... a__l t^^jl -U-ajll (_S_>?T. 

si* Jajj tojj! jll 5JjLJI t"&i\i. *\\ a^c jjj a] ^___JI (jjjba ^^Ic 3 jjlal! line) 

^^.ajljJJ jIxjolLuI jbja. lillli&j .Jjijaull 4Jij ^Uaj J<_LuL.n tj&iil CjLajl_-_.il 

a \ ____ all I ^"'J"' a j 4__ijljll <-__j__all oLi_s BOD J^JSJ ^L-l^- Jjl 3 " 0 P^Vl (_S_JJ^ 
J_L__I) 4_____u__ll al aa SI _.lja.j__ll 4jj^ 7- all i__Aj_l__ll j_i ^ah-v * i__ilfcj__a a aU__ 

.(7.17 

J jaj jLaj_<a ^&L.,ili.,ii jU-uU__V I _ j^-^l j<a (_£ ja.1 £^l jjl __y_?^ ijj 

4(Jl!Lall (Jjfu. ^^ic' ."LjSjJj-a JJ^I a B * » (jl^jj 'ljlj£L_il JJal ^^ajl jJJ JaLoU 
jl£ 3 ja-S-Lall .LaaJI 1 " )l La a ,j a JJ» 1 alt (jl_u___ ^g^iia^)*]! jj^ Sail (jl o!ilcl j£j 
L_UxJ tg^aj 4 till j ^-a 4(jljjjll oiA jl VJ (2.17 J'S *ilt) SLaaJI ^Ijjl (_paiaJ l^lLa 
Sj^a.V jS-aJ .1.1a. J^«J-a 4AjLaC f.1^1 AjUjIulJj I laJ La J^SJ j»_a^ia JJC. 
^cL-ijj 4(jljjjll a 1^1 ^gil^uJ! ia a 11 ^3 jj ^gic jjlall pbj/l Ajjjill jU.mlL.uV I 
(jjiall Ajajlil jLaV I (J«ij -I lalml j£-aJj .^jjaII 1 « Jql .**< ^Ic. JaliaJI ^^Ic 
JaU ^^ill I JJJJjjJI L&-a 'c5ja.VI <Jj^a-all CllUjlall j-a ^gilaxu jljaLul 
jx a Ala. <jc jj ^ylc J jj^aail Ajjjj^Ja ^ ^jll 4(BaCtnV0r0US) Uj^ll 
UjiiaJI (J>a 4 0jLiall 4jj^a-all CllLulall JjiaJ jUJaV jl 4<SjLaill CjUUill 
.(Sludge bulking) ^ .iiaJI elaaJI UlJ ^1 ^jklaJI 
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Digestion of organic slurries i£UJi 3.17 

Clljj jl t-^ajuall L_Sjj^a]l oLaa. <Sl!laj ' ^j- '—'^ ia^yLaSI ^VHjJ jj 
Jjjflai J IcUjoij 1 AluLa aSIjlSI j-a 0JJti£ ^l_>^l J jLlJjVI (jS ia.1 i Cllljl jJaJI 
Jul jla J^C J^""JJ .Ajdjjll ^^kialjVI ^gic lAjAj Jj-a tAjAJajll tj.alajSI UU-^ 
llAjlaC. jl VI .A-iSjaJI oIaaSI Clijlj l— lfi s^A aSaaSI llll iaiaa a jl-ilJI j-a 
.SeliSJI C-LuJa J / j 4JUJI 2aK"\l ^Uj ^ jj^axJI iaXaJI 4jaJl*-a 

AjjljjaJI s-IauiYI j g-a-t-aSI i_ajA-aSI olia el aa 1 4Sj^>jiaJI ^^LtSI AjLa&j 
(JjjaJ tAjlaxll cOA «.ljjl all 4 laSla a 4jjI jAY dlilclLa ^jl jA^UI - 1 ag SI AjLaC 
ja.1 jl (JSjJaj ^SUSI jj^J LajS jJaJI jUJI ^IjjV 3 \\ > ail j| j^ll j* Z 50 jaj 
- 1 '■*■ j SI Sj^a.1 ^ (_£jjaJI jliJI ^Ijjjj Ajaj^jllj frl-lYI ojLij j£xjj . I jjaj i j a 

A^jLubaSL: ,-a.jnaSI i_s^all aLaa. jl ^1 JJaJI JlLajoiSI - ■ aft 4 SajJ _aj AjjI jA^ilSI 
j t^JLjixll cllLAij Jla iAjjIixSlj Ajfcljjll 4c 1 ii aSI j<a <» Ai aSI ClUliiJI j<a Z20-10 
ja -Ij-lxSI lja.jxj .<LiJlljll LlllAiiSI jl jjLaiailj t^cjlaJlj • <±*)j lit aSI CjLiliiJI 

.AjjjjjI jl.lL S^C J liSjliibaSI - ■ ag SI - laJliaij ^liSI JjllaiJI AjuojI _aSI CjUilaSI 

Jj tllY-la-a ^ j i a» SI -LiLall £lSLxj ^^jll 4 Saija aSI ClLyLcLLaSI JjxxuJ all 

jl i . iaJ AjV a jj/t -Ut^a jp a/llll ■ '— C >i£ 5-2 ^1 < a ■ ' a ^aa a 
.(2.17 Jj-laJI) AjjI jAMSI i'iNjj^'U l^cL aaj aJJ jl (Jj2 4jlla AjjjJaxSI ClLajlotaJI 
(<UaJalaSI el aaJt Cjljlij A^la. La£ lifSaJ AjjjJaxSI I " ll aj ■ ^-^ SI jl-Jj^ J^*-o jj^ J 
kllli jl - ^aHi aJ lilli] <ajlij . ^l* A 90 J i alS LajJ 1 5 (jjiiuij ^^jSI 

.jpSl J cLa jj 60 Jl J^j jsjLajj20 jc JSjV (Retention times) t.\lsUi 

iLujI (ils llgi-a .AjjIj&!)ISI - 1 aj SI a 7»l pl-l -^j^ oAiJc. oAi^a. dllj^JaJ liSUiej 
al^a £^*-"J^ iiij"^ ij c ' ' k_lSj^aSI «.laiiuiV! j^j j& (^^JjAW^' C-laiiuVI j*j 

(Jlajll Clllaala j-aj ^^ja. njc-liall (-S 3 j i aSI jl j^SI ^LjJa 'ijltlj igJlx-aSI t_ajj^ail 
i^Ai aSI jlj^iSI jx ^>jSI Ajjaii liA (JclLaSI -J a ■ aj (J^j^ I^SAj . pLjulSI ^>JC JIaJI 
c((_>aa.jl) jiu-al Jclia J lift ' J^aiaVI L-lL aSI flailuiVI j"»j l^)^ 

. jt . ^-iVI j^^^jjJj^JI plailmVI j-aj lilljj 
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(Ilia. JJ ^gi a ■ tag 11 AjLaC. JjxjoU (jjjjla (jC eljVI (jAmaJ 1 ■ bjj j£-aJ 
4a. J.} £A Jjjj 4j-aJjaiaJI j| _a-all ^LaJI (JlaaSI (J.l*-a jl Ijiai t^jS&l Sjlj^ 

qa & jg-al o^c- slii ^gJJ Sjljail ■ . la all a ■ tag SI ^ aAjJla. jj ( ~- J ~ 1 ' ^"J -^J jaJI 
Clla.j.1 LS ]c all 1 g \;» JjJ jV J . c*3jLai.lll ^3 ^fcljjll jLajuJI AaJLtJ £ jiSI IjlA 
1 t " i i <a jaa\\ «Ujla. <1jLj CllLAii jc- jLjj Cj^clLall oi& jli t^^lcl ojlja. 

j>x ^ aiajVI Ajiij ,j Jjuiaj La IjJJ^ j^ill ojljaJI 4 Sa i aj2 a - 1 ia^ SI 'a jg_a.V l£)Li. 
^gift t t _jJaLa]| to^C. C-lLului ClLI .lalj .(8.17 JSjujJI) AjjljJI ClLjaj-a-a]| 

(_J-al_43tl ■ aa SI j Ajjt i ,-i Ljlo t I.tjL.u ~ 1 ■ oj jl j-a Sjljail ■ ■ la all - ■ tag SI 

H2S, ' "'.'^ ^SI_)V CijjjliJI jyla al.la2u)l j£-aJj .H2S J NH3 (Jj-a 4 iji n JJjJ 
dlLlSlla jSa. (jj^la jc 4jj£j 4jLaC i— alLJ j£-aJ t(_£ja.l Ajali jj-a iNH^ 

.J&tiJ nil! jail J j^,,,<vi£ cjjJ^V 1 

SLaa. 

£jjLO-aSI jLii LaAjJjli jl*J jJiJI P j N <Jj£ JJai ^-A t,_aj^l L_Sjj^]I 
oLaa. (j« '/. 50 (j-a JJ^I jl t^isl _jll ^ . oLaaJI oLl<a ^^-ajaiJ La jj^ia jc (^gjoLjJjll 
^Jc o^lc. LojJjJj .iLcaII Aajlill A aa SI ^jliajj < - ■ tag SI sLul LljLa <_JlaJJ N 
(JllaJI N Ji>a <S_j-aa. qa 7. 20 Ajxuij ^jjJ jl jLaj ^jll (.NH4 /L al j& 

.^JUJI 

JJjlst-aJI PJjJa AjaL-ial (JSLoj-a Clllj^i-aJI (jx je^LjaVI J- 0 ^! 1^* ' . V ' "J 
(jj^J j .a Jj ^ ail sLiaII CllLjAi-aJI (_g jSa a (jLoU 5-al jii^VI oAl^aJI 

X 60 JJ^JJ ^ Ajl lj^a.j j^a-LJI (_Pa*j (jV P <i».>uSLi 1 1 aj) JLaJI _aA liA 
i ^> ah-^ ^ tillage jJ_jiaJ aJ J3j . ^1 jA^UI a 1 SI f.ll5l Si aa SI 1 JaJJ^aJI P ^j-a 
Lj -\ lajjail dixit tdL>!>L*JI ojiA jl .LuU-ajS P l_Lm Jp ^ ^iJaLaJI 

i(— ilia. t glla.jj llg SI ^3^)SLl a jaa ail jJaJLl ■ ■ 1J 1 aj^lSI (jl jAllj .AjIaxJI AjjjLa^iSI 
^Jjaall 4iajjl_al ajjij-a^l ^Jl jj ^gJc- L-iajl JcLjoJ 3 1 a j^aaJI Aa.J^ ^-Llijl jV 

,1a, jjaJI 4iLjaL AiajjjJI ' LiS\£jSI j ojISi j^ajj (Stripping) 
(Buffering) tsj-^' "S^^j ^ jj lM a* AliLJI ciUUill Ajj^i aK.J jj 
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(j* Jj-laJI/^jJA^aWL) AjiiJI al aa SI (_jLa aja J j li aja (j^s cJ' J '^J^- 0 ^^' 
c_ij^]a jjjaiaj _a& _)a.l i_]_&L«l lilil (Jj^ . ^JJj^I oL-a ^VlliJ dll laa a 

.C0 2 ■iJJ^J J lD^- £> (MgNH 4 P0 4 ) CjlfljjkJ t-lLojjJ 



(Aerobic £ _51 ja!jUI J (Jl j$ll Jk» 4JLaJI cAjlail] j£aj 

t anaerobic stabilization) 

SLaaJI j-a s-Lall <UI Jal j to*.li£ jp£l (jjjia ^-^L>" ^i&j Jsl ~ J i aS 

.7. 40-25 Jl lUs! X 5-2 <> 

ttliLajjjVI jJjiaJ (_3 ^Jjjll 4jjjaJI Ajlail] (-uJ^ll (g lajll j-a^J 
AjjjaJI 4jj£]l oLaa. j<a j!i£l ^gjJaj-a oLlo ^ j±i ^auii ^^ill (JLllaJla all j dlLaalallj 
ojljaJI ^^ijj (Jc- .lAisu LljLaJ 'i-lpa. CjljJ_aIaJ (jjJad (_£jajj .4 i iajl all 4_LajJ^)aJI 
' Laaall AjLaC (jl .0 Jl jll at-lall Jja ill liSJij iAJl <aJl» all J*J La <la.j-a J>La. 
e.la.1 j 3 IS a lillliAj .AjjI^jaJI ' bila^jl CllLliaj (j<a (Jal <5lia I ■ U Sadj o^A 'SJa.jl J^ll 

e 



3- 




<LulLa)j (BOD <_>"LjA] ^a,__$2jjj jltni'ii nt Jl^a, at aL (j^iij fLajjJ |7.17 J£^*JI 

j ill (jil ^Jl f-Lfr ^aJI (Jl litkuiVl AiLdj .AaHjuJI 3iaa-» JiJj J JJ J j*al\ sUa Ajaui 
^JjV) j^iati .(I (jijaj) O; Jji jj ^3 (jiliajl (^Jl (| JJjj "uxuilail SLaaJI ^ jlaj 
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^U^VI BOD j BOD 5 o-Ui jjiVl Ik (.iJiiul oi-uj . 4aL^«JI BOD i jaJI 

-I al ^jj j»j .(-1 j I ^iJa^jaJj 4jaJauJI CiIaLul^I <UjILu lJj^JI gLw Ajjfr ^a 

4*aj (j^s 1 frjlfr J.^-> j« yijaj Aluaa Lai .^in*u\t (jbjA Jja-a Jaxuaj BOD onLLi 

jl ^a AaLJxJI lJj^I »Lu <LLe> ^a ^Lu Jj^j ' (ji-^VI j la * - 11 ) 

jalill ^a AjauJI JjxLa JUajV ijliLa^ >' (1) : 4jaiUJI OiVljatfl 

SLaaJ AaUal (3) jl '^Lu jjfr JjLm 4*>luil\ a1mum!\ uL&j j (Buffer) 

ja C£laJI (j^i VAj i<j jaj Jt >« jt t« jjj^aVI al ul -i^.'JJ^' »JI Jaluull J^J*^ 4Jjja^l 




f Ji 1 &J#"' 1 jf**1 
4Ja jaA kij^A CiLuliU (Survival times) SLaJ JjS djji^l ^UjS :8.17 JS*iJI 

SjljaJ! A-^jJ <Uauijxa dilfrlLJI 4 . Ajlj^ GLajl! jaLul»JI (jijxjJI .lit 

5- 20-30 °C J*u ^1 jjjL>^I eLa. ji ^IjjaJI ijjll iaJU^I (Mesophilic) 
.LaLu iLu>aiLuJI ^ u^Oo V j*j-u« (> (Retention time) fljLiui) ^15 ji 

Jia jaJj t 55 °C Aaj^j J** 2 <^ '(ThermophUic) SJjaJ! £&c\i*l\j 

.j»Li <buiaj jj^s f at (j>aj Jxj <Lu3jaa1I till **1<H Ji*^ 
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AjjjaJI AJaSJ) JoSjj ^1 Ijiaj t 4olua]| Uj^cLia ^ J^>>J t»U^JI 

SfliS Jal ^ <^HL>J 'U>]| (|L ^ m> -ti ti^li*!! ^ jlii Vj .<^Uil 

(<Ljia AjJLJjjJjA f UjIuiI (jLa ji j jJJU^a Jj*^"' Jj*-a Ljl j L^JV) 







(l)UASB Jfrlia 




Ajluafl uLUUI 




ui y^l\ sLu 
v .- 




200-400 


50-100 


<50 










jJtS ' lI.'"^"'^ (J^t-o 


20-40 


2-5 


10-30 


^» J-JI/' It's a 


10-20 


20-40 


0.3-1 




10-20 


20-40 


>20 


f. 1 e i'i, ,i*Sf I (j^> j 
( r lJ) « ll.rtfl 



.(upflow anaerobic sludge blanket) jcUall ja^l h&ji&±\ SLaaJI f Uac iUASB (I) 
Treatment of solid wastes AuLuaJI C&Ldil) A^Jlx* 4.17 

(j^lajsll ^jj lill j£ j t(Land filling) jAA? 0 jA cs .«....u J (Ai*^ Lff ^\J 

.(Incineration) "Jj^U" J <jjl^> <jMj^ l> W 10 

gj| jiJI Jla t^jaJ 6J« Lj-ILuilJ (j£aJ j| jj (Recycling) JLa*lJ ftjlx-jj 
^3 S<ija£ JJC. Aij^jia Lj-il La£ .^lJ] . ..«.Lu]I jl_a^j cAjijjjllj < A jSij m^l jll 
La (jli tillj jjx J&Vlj .^lla AjjJiJI Clll jliJI <J ja. jaII AjUall ^L>jlJ 
^JJ 4jjaiilU Lai .AjjjII Cj jL j"l la^aJI (j-a till jlc. (j-a to I i ^-"'J Laj (Jjl jjj (j-a ^"JJ 
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(_$a i LgJLajiluiLl i_!jC.^a JJC. 1 » licaJ AjlIi alt ojlAj il.la. 4 al£ a Jj^aJI cJ^A 3 

.^kUkJI cAiiill j> J£l jjjj 250 100 L 

jl tllljlill 4_ialil 4_iuaLa. oiaC-lj S_)$a.l ' ; lliaJJ Lgjl lillj ^jic. Jjjj Ltaj 

.Alull 5jj><JI (Flue gases) 4j jLII 2Lai*lt cA jUll ,> d j$ll 

JaJ jVl jA J tLa.1 jj ^jiL (cill A\<, ai$] t_LauVl Jail 

(Separation and Composting) Sala 11 .< Jknltj Jj*ll aIjjL j>a t^j^ill 
300,000 100,000) CJ ! j£ aJU u\J& J«j cAL*-. J 

AjAjjjS cJjc. Cjl.la.j (j-a <LiiLoi (j a ■ aS ^^Aj cllLAiill (j-a (4_Laill J Ilia 

:tlA_AAill (j-a AjJIjII jI j-alt ^La-jLuV 

.AjjJauall tlAc.Lk.alt ^ ^U}5 4 ilia. • 
.4-llLc- AjjI^jjui *Laj3 dlli j >ii*J CSJ^ (j>Ax-a J aajlalt • 
.(_3j_j]l i lilfcl I, ~\ ^Lij jjjjjj 4jj JJjL£ ^l_jll • 

Jjj (Compost) ^11*^ i-oj- J] Jjaj ^j^iaxJI Jkli] <LAa i _^ • 

.Ajjja. Cj! jlc. 

ft*** (J;^ jA I^A (j^s loa a *Lij *ljj IaiaII jl 

_^lajl l£jaJjj 1-liljAj t L^Lttll J sjLi: '"'1 iaa alt ajlA (Jjl jjj .Igjl^^l jl La^aL 
Jl^aa. J£jjJ Lja._aljJJ LfrLAaJ (j£-aJ ^^ill jl j^ill p j a (jl LaJj .(9-17) *JJ' oil 
^tjjj AjLat j] .LaLa. LaLalAl <jj£ll s^A Cjjjcl lil t<A. alt tllLAljlt jx %60 

l^-lS ^JJ JjJalia J AjlAjuj AjIxC. LlJJa. AiAaJLall <JjjJa*JI jl j^ll O uo ^lAjiaII ^LajuJI 
AjjjaJI llll »^ all jl t^jjljaJI Clllila-aj a£I j3j dlljjjJaa. (ja AjjjaJI 5_aLaall £-<^ 
Uaj A j i all Aj-lLlI (Jill ala all (jx ^tiLt-all ^Lajmll li* jj^aJ ^ailj • J (e^LSijl (JSjjij 

Aiijlall Lai 4Ai ^J-^J ^J^ 3 J' J*^' Jl^La .AjjI jAV Aii^^laJ jl LjjI jA 
.((3.17) Jji?JI jlajl) »JJJ^ CAii..ia. Ljij Luia. dj_»ia ^32 AjjI jA^I 
^jl jAvUI j ^l^&gJI - ■ <aj H (3^>lal <aiji_a -j "I ■ aU SjUjC CjI£^}jui lilLlA 

La J <ai » j| UjjJaaO JjC A alia a ^^Aj tAjL all CliLiliiU 
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. jsl J£l r ljfc 400 50 j> Jc.li-11 ^ U^J! jIjJI • 

J Ajjia 35 ^Ija. MeSOphilic AlS^uc <>) S J jaJ • 

.(ajjIs 55 Ai.jj Thermophilic ajj! 




gjjj) <Ljjja. Cjljlc ^1 CiUiilJ yJl jAiUI cSJ#»JI Jii 3 ^ J*«iuu J 6 ''-*- 4 : 9.17 JluJI 

L^Lu (jLu AjjLj^S 4jUa aJjj ^ AjjjiJI ilil jliil ja )l 8j i aj . (<j^jj£]| ij ' «S ji <_5-ilj J ^jIjjaJI ja 
Ajjja CiLlAj (j* (jJa 20000 »J-^J AjjLuiaj 4iii_a3 sjj^all .AjjLj^SJI CilijJiSI ^1 

sigle - phase - thermophilic soild 4jjI jaJI AaJbu^l <> SjaI j SJaj^ (Biowaste) 

^yJl AjjjaJI cjLliill (jjj a S jji^a jiai JiL ^ jij i jj*<all <_ji Sj^IaI] j»l jaJI jl .— state 
J] 1 '--' w jla'U ^ ,^i,^>x «ti <Lu jiJl CjV Jxil J-« J >»JI AjIsC- j jaj liU J Jxj . £j jajJI ul Jaj 
^Jj Jfclim JajlaJI jjjju j^aj . jliAj jiaJI Jjjjla jfr dSjj 55 °C yl\ J^aj Sjl ja. 4ajJ ^fl 
jjAiII ^^Jc Jja.j^2| ijjjjVI L»l i^^ujJI A^aJI (J ki S j>^il ^ J^^i MJjji (jWJ^ L) 6, cf^' 
gjjj AjJa jll iliiluaiil jj jla JS .jil jSjji ^1 JfrliaJI ja AjJ#»JI i^ljliil Jiu j»jija 

(9 m 3 (|i U jj 16 lAAai f ISjIujI S j*j 250 kwh AjjjaJI (iljlAJ! <> L*&a I jl« 135 

biogas/m 3 /day) 
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(jjjiajS gJl*-a jUuj tala SI j Jiaall SjjlLs :3.17 Jj^^l 

c^^LaJL J*2aij ^LSj tLLu J ^JL^IU JlaaJl tLuljAVj LuijA (Composting) 





















;u a * aj nO 












2SIU ,-sNg",.,., 





























4jL jS ijjjaJ! tMLiill <> (Jo JSJ AjjoaJI Lj| jUUI <> jjj Allkll <> 4frUftj il jliS 600 (S) 

.AcUlb iljjliS 200 Ji»J AjjLj^ 
jl DRANCO AjjI _a&!UI o-WiVL) ^a.^ La _&A J ■ adll ai& j 

55 J^mu (Dry Anaerobic Composting) 
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Ak^a J jsl JS1 r l jfc (200-400 g/l) Jlc ^ ijx jjS jij 

. tb&aJill 

^ijj l^jl |jc. La 4jaL]I ASJjIal Saja^ti i A^jLia Aajjlall ojlAj 

J aj£j j aaallj t"llj\«r. (J*^J d^cliSjl A&jjjoj jl^La jj . jjjSj ^^Ic-I 

Uj3j «luU (Jill Lalt (jjjjic j-a (2.17 Jj^ll jkil) 1*3 

ajjiLba AjjjII AiLiaUj t Jelalll ^jj>joj jjjiill 4jUr. J^Lk ■ . ulallil j 
U jki lil j£lj .(10.17 Hi jtsl) ■ 2L>U1I jj^ JcliJI 

si-all ' jjaajl cLall Ijjs J^-jj (Jill (Wet process) AiLjll cjbLa*ll JJ 

Aajjlall si* jli (Jftliall JJ AjjL Jja* j JluU JaXall ^Jj jjlj Ail.Ja.JI 

^lajlljj . ■*?■ (Jft li-all jj^J LaAic Aj^ali. 'JJj£ f-La gUml 4 IS uj a AaJjJ 

(JftlLall (j-a Aa^jLiJI (Jj| jxulli tAjL all jl j-all (JLixjSII ti^aJill jj3 jj Ajjyt...^ Jl 
iS^a (_JS J oAj^ ('Liial ^1 _a^> AaLjaJ jl j,«luil £-a idsljx S.lxl IftjJjSj jLu 

.(10.17 J^ll) J-l*- J^lj 
(Humus end - product) <A^S\ ajLjII aAj^II ^31 jill ciujl jSI 

LaJ t Jl _a^ll (JlaJill j-a ^jlill (JjijXajSlI (j-a JJJ^J j!i£l AjjjII (jilxjV 0 jtLa-a IgjL) 

JjLa lilliSj (Plant germination) CjLuVI J& cjtiUll Sjjs (j^ 

(jjj_ai«jSll J Jlj^ll (JlaJill ^l3jj AjjlS-aV ^J*J '-^11^ J t_l±uillj . (Jjj^aa-all 
^ulill (jjojXajSlI (_5j!iiJ I aJjj t^lxll Aa^^iLal Jy^JJ ^-lijjV AjAui Ajm ^Jllj^ll 
(j^iliall ^JJ I » ^U. ^ (^Uj j t jjjSj (JSI ^!)La^l (jxi dllxaS ^jjljA^I (JlaJill ,_^a 

^jljj tjJljS .(10.17 JSiSlI) l^ia fr Lall ^l »f i«u 

tAjjJ (jijLiiJ Aj_aLa Jjij (^jlft ^jiaJ V ^Jll^^l ij^jJ-ajSlI 
.(_Jll _a^ll (Jclilill (j-a ^tjljllj AijlLa Ajj^aj^i Aj^ a 
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DRANCO 
>• 2450 

















St ■ A ll IB 






















•J J*+> 




A 


t_ 




jLL.il>. 









1 



ilililii (jJa 20 000 J-iUj ^1 jAV AjAuu ^luxti 4_iLc jj^ LkL» : 1 0. 17 JiuJI 
4jLa> oA^lj ^rualA fji ijJuLiA uLliiil AjJxj ^jj . Lumill ; QjjjiL-ij jjlS ^ La^iui 

liLlLUI jjla J£ cjja, t 55°C ^ 4Je Ma^ '(jji /AA^I ?l j& 300) >V 4^ 

jlij tSJJaJI JjJ*J -(lAj- 4 60) t5JJ^ j^C tjJLia jla ~ 150 4jJa jJI 

(>> SjjIjaJI uLliill a| lalmt Jbu . jULSI ^jJe J^au d ^ ^-i^aLgJt fU&V 

^ uaa.) . .3 'J'^fl <Luajdl f La! ^; < j* 1< j- <i <UljVI f Uj) <LauU3l sLaII JJ ulSjajiSl 

(&AJi 1-2) S jj-aa 4l»bu> ^1 (jjJ /AjI^JI Jl>> ? l> 500) fUfl t^jajudt 

JjUui ^jjfr cA^jjiSI jjljjll jLijl dua J tHa Jaklj^l . JLjjILj ^ SjLa guj AjjIjA 

^.U^j t 1-u.,u SJJa jf» (Market value) litlJ ^will jj 

.A 'ux a Cjla.laJ (_J^I (j^i all .IxJ La t"llj].n(% ^.tu.iij livLalxx 

j| ^jj^jjlnll C-UfiL j»J^J 4 iji a ^ Jj; ? " 4iL-iaj (jj^ia (jc- o^lc. liili aJjj 

.<^'^ 4jj^^ J Mycorrhizae CjliUll ^ 3jjxx LijiSj 
ejifrj ^ jjJiJ jlxu . (Biocontrol jl microcontrol) ^ jj^JI 
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ocLjoj ;-■(-■ sjLa£ jl tXenobiotic al«....i.JI aL^oII jI _jJI Jj^' cAAaaJ SajLh 

. Igjxs j sAjj Ajj^jiJI ,}|_&a1I jl i aSl! Jc. 



Treatment of waste gases ^jj^ £&L*aill <UJbu» 5.17 

.lljj *y d alia a 4 Jj i <a& .llj-a (j-a 1^)3 i_ljC.j-aJI JJC. dlljlill 
Jl I g aJa« a j . JSI jl ( ■ 1t^a jla J£l .laJj ^IjC. jjfLl« Jc- l&jj£jj 

llllatjjl (_)^ai.Vljj 'La j-aC- ?-l_&gJI Clljlj ~ i ■ ■ a ."Llljia jl L^a jjL^a 

a Jajjuall L_la.jil Jll ajjlJ^]! i - \\ *\£ n\\ j-a QAt all (j« cl^-all J 4_a£. j^ill ^j| j^jll 
till jlill (j« f.\ 4ji±j Jc. j»_43J jll AjjJaJI ■ 111 a ujj^llj Jl L^alli .l^ilc 
s^A J Aj.i.uL.iiVI ^Jaiillj . (_J^jJiJ j j UTi jj^fl Jjiall f.lja.1 J ^jl J^>llj 

(jxs o^C. ^1 jjl <ll jl Jc ajjli ^JJgf a dlljjl£ «.LajJ Aj-alj Jc. oj^flll Ajjsoll 
.4-ljlc. <JLa. J J_&a._&^ j! (JjIS jj£jOJ Ljj-a jl£ La Ja. ojLllall till jlill 

S jUaJI 4uj^dl oLS >J| jl 1.5.17 
Removal of volatilic organic compounds (VOC) 

jjlaS 4j jLall Cjljlill ^jbj^lAjjUajSlI 4jAilaill <Lal*-al1 jjla jj 

^aill CjUJi^ J& (Adsorption) ^.^i^VI J (Combustion) jl jia.VI 
ajIIc a51L dll^Laj (Activated coal filters) JiiaJI -kudJ 
AjtLu^ll cjUibuj^l ,J ijtJll jjSI jj J-^jj .(Secondary pollution) ajjjIj 
i_ilkL 5i ja-a J CjljUJI oIa jjaJj .100 ml/m 3 JJ JUall Jjj^ Jc. 

jl JSatfl J u- JStsll 4^ jla J£ Jl J&l J L> ' 50 AiL^I 

(_>iiaj jjlaJ (j« jLia.VI plax a J AjjJaJI dLylclLall j£-aJJj . !)Lal£ jj^..' i a 

O2 SI J ^ 11a all ^Jjl_)aJI £-a (jjiLaJJ VOCS (jj^J (jl 4jaJ^)jui t'o.li,ii£VI (_g jIulo 

^ jj Jc A«J*J LiA Jlajll jl j I^A .AjAi-all jl j-all tllljS j H 2 0 II j 

: J^l£ l^Ikj l_l jlkJI SJUI 
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t Jja£K : Quickly biodegraded ijj^ i"\f\h*\\ i j* • 

^jjjjaxll ^Ua-YI (Aldehydes) jjIa^V! j (Ketones) dJ^0 j 
.(Organo - N) '■^u*. jjj^I ajj^^xII jI _>»JI j .(Organic acids) 
JjiiaK : Slowly biodergarded «- (jr M csj^' cjiiaill J • 
cjliiial! j 4 (Hydrocarbons) CjU jjjS jjj^JI j ^Phenols 

.(Chloroethene) c&\ jjjKK (Solvents) 
:Very slowly biodegrated 1^?. <.^kJI LSj^aJI SiufiW J j^s • 
<jj]a*JI CjU jjj^JI j ^(Polyhalogenated) ij^iall cAiia. jll$K 
.(Poly aromatic - hydrocarbons) i^^xial! 

tllliaJ jl£ l&jJjlaJ j IgJLaaJj-ul j£] j 4oi& AjjJ^JI Cilia uj \ all (JLaalLul (jjjja 
jj SaGj ^] liilil i4jjlaa]| 4ja.lill j-a 4jlia. IfrlxaJ jj 1&jI*xmI (j^aa.j jV LaJJ 
. (_pa jAJLj Jj UlLa. <LaaHuball ^jLloJ^I^AjjIj Jyall (jjjal! jV l*JJJ 

p-ku cjjUl »l j$JI LjLuij (Biofilters) ajjj=J cAaui jJI Ja (11.17 JSjill) 
tOJ0Jfaj £]| Jla - (Wet porous medium) JL^ JL« .k^j JDU. 

jcLuj jJI 2 aailalt Aau^fy J t (Peat) t-LaJ i-jJaaJI USjj 

IjA f.lja.1 t—alij ?.Lall (j-a 4ijaa. CllsfL J oJja.j-all 2 jla all Ajj^a ail OljjlSJI 
15 ^gJJ 1 jJJ ^j'j-^ Jj*-*J t _aJajjiII jUJI (_£jajj .IgilaJ Je iajaijll 

_&As 1^3 m Aclijjl t>a ja. J (JjoLojII L_ljlk*j| i-jSjjl (jl JsU liAj .CITl/S 

li£ jli t^^UicI Jli Ljja. Jlajj (JSlI CjL£jJI 2_Luu]b Lai 1 0-1 00s- 

0.1 — 0.25 kg Jj-oaJ aa^aJj 4jt3 jj (j£-aJ ClsljjLall ojA j-a %90 (j-o Q^kall 
(0.1 _ 0.25 kg aajj j» jj -J JeliaJI J l_J*£x jla JSJ AjjjJaxJI jl j-all (jx 

iajj^i cjUJIjJI j^la-o ^> j .organics rrf 3 reactor day" 1 ) 

. (dsl _aiu 4 — 2 lJ^ ^ g Sj \'"' (j-o V jlj-a ^Cijj) a i ajll (_)^aa.jj A lal i aj • 
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(J£.uijj AjjJiJI dlia yj^all <J*AJ ^^lkl-lll ^Jajoilt (jl • 

jlj-all I - LuiS ^gJc. |_>aLi. J^'J <ij£la Ljjj^jj Jc-lLaJI (jia. J1 «Ja I 

. jljjx j jjKll iil5j ^ Jlla t(Xenobiolic) 












• 




sLaJ 






tt 



dljlifl <> (VOCs) SjUall Aj^Jadl Jl^l (> (j^lk^ AjjjjaJI ^LuxJI Jiill 

i (jjiUl 4^aji j j t_u£ jl!) 4 bj i iu (B iofilters ) <u jjaJl ula^i j^ll ■ ^J4*^ (j j^W ^ 
AjjjiJl ljI£c)jJ1 U .4jlojIj <UaJa^ A^Lua ^Jl ^H»j 1 ** 1 j i jIjaLuiL 1 il mllui! 
Jaiail JabL^I Aiijiaj <|i cua ^uaJI sU« 1$j gJUj ^jJI jjiaJ! ^^ft l$Jla (Bioscrubbers) 
jjia (j* 4jjL»JI Jajj jjl jju (Trickling filter) 4L*i jit oUJ! j^il jl Jaiiiiail jl 
Aj^jaJI lilsicjJl £t .(Scrubber) <i!e-iil (jiljJ ^1 iijj Aqueous phase Jjiw jlc 

■"'l'j;j< jj 'jgti <Uljt ^1 LfJjjij LLu jiiSI jl J SJjJS <LaJau 4aLui4 ^1 jllaJJ 5_a1 J) J$jJ\ 
oA^j »a 11 laj i a j J JVt Jj", * J 'j^ '^Ji^ a ' "J * "cs^ ^'j* ta JjLuflt Jlj^ll J L« i a 

.^jjjaJI dclll idjjl» f IjA (CilSlciSI) o*Jh (J* 3 J* ' i ? ti * * ^ J^ 4 S V* 
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4a. jJ 4 _ r !t »jUj,„ti i Alj^iall aAA ■ ■ laJ i aJ ^jll <* i alt l£ ■* alt qj 

NH 3 H 2 S0 4 jLuibj H 2 S _J! jV <csj^11 ^Sj-fl </ (pH) A^^aaJ! 
tSllil .HCL Jjaii (Chloroorganic) ajjjKII ajj-^JI J ^Jlj t HN0 3 
l^ia j^umi j (Dimethyl sulphide) JaLJI aj31£ CjIjjjjSII s*li£ juur, 
(jjj^ a jia JSLk Hyphomicrobium _ll Ljilu j j*-alt jjaJI ^j-JI 3i*J 

j» jjll i ■ IT^flll jiaiLi (>l JC. 0.1 1 ,_K> LaSJI j !aia *"' I - Ua 4_J Wunt «.Aj jx -La9 

(juKll jaja. 3iLja) j) .4.0 J] J" i; " 2 , - a jjg^A] 4a. jA (jV tSlljj 4.1a.ljll 

(Limestone) 

a.la (_pLa. (JjjI to jVI li& (j-a alajlt ^JiC AcLuiJ ( (jji^axa j£ll (jx ( ■ 1t^<i j!la (JSJ 
4a.Lma 1 a 4jjjaJI llila uij all (J£LuLa ^1 (jlj jjl -lJ Vj .(jJ^^ill 

4a. ^ i ala.j tL$-l3 (Jtlilll! t-Sj^ia ( _ 5 lc a^Jalmll ' -ix ■ oil (jx j 4°ajJj£ 4ja Sam 
^A iiliLa ^_yi ^ j 4L»Jjjia1I Aj^oj axil _a-aJI jl La£ lAjJaj^aJl 

all Ajaiill ai& .(11.17) jJiil . (Bioscrubbing) ^jjaJ! i^icill 4jj£ 

t j! jj (J£.uU JjLoi (j-a jlij Ig-llc la! i aj ' - Ua 4j jLall dl! jlill IgJ ^jaj i_i^)C. (JLaaiui! 
jjxjl CjI jLxl! t _ ? aijj li& .Ajjlill CjLAiill °"' t _ ff lc Sjja 1^1 tAj^g-a ^ CjUjI£ Aj2 
(jx V je^ll (_>aJjlLall aAl (jj .Cllj^i 'aixJ AijilL l^jljjj j'j^JJ lilljj tt_il£ 
a^J AjAi-all ^1 j^ill (j^s t _ g i^J La ^J^J (J- 0 ^ (J 1 -^ (J j^-aaJ! ci^V Lgjlc-I J-a 

(2>a JjHajj ^jLaJ jl^^)J 1 j laUj '— "' ^aJJ ^^jill AjjjLLall 6jl^>aJ! Aa.jA / j U\<j tLijj^JI 
!}LiLa JJJ^J ci^-" 1 ^ AAljJall s^Aj mqi I gia llx^a jlj-al! Cjljlill (jSjl dlLjjjx 
^liaj V lS^)^-' 'S}^ - ^ L>* •<— ll^l^jl l^JS J ' J LalLla SiJ^^' Clllaji^all ^ 

SjjjS 4 1 1 i ii a j^jj ^llaj ^^ill AjjjaJI dlla all S aj^J^ Aa.Lai* AjjjaJI CjISc.1^11 
ai* I h i aJ j .-Lis jllal AjtjJaJ l^tlijjl Aijc. AaAa-j dl£cl^Hi . jjjS ^UjjI j 

4 iVo*i\ l a^^-1 a^ij^ Ajjla^jl Q * al l 

(jx AjILxII (jtjui^VI JJ^la-a AjjJaJI CjI£e.UI (—LuiLjj l$J^ AJa.Lj (jxi 

i^Jal j Sail i '-- ^i) ^\jaj Lg_!sl /)& *^ i <a9 (Llluij ^a^aJt a j it . 

<1j^1I (jj tlua. (Ala. (J^'J S- 1 J^j ij' U^^J cs^' till jlill <ll _jV A ■ qj taa a 
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_J 



H SO,. NO 




(Desulphurisation) AjIjj^I jI>»» AjSj ^ 5i),iaJI cd jjkUl : 12.17 JiAD 

VjS Ji»jj Jiiflj AjljIjUI Cil jkiJI £j .Ajjj^ Jjla j»|jiluiL <iUjj (Thermic Plants) 
Jcli»JI (> N — B ill jt J»i <> (Solubilisation in a scrubber) <iic-di Aijc- AjI jtfL 
(UASB) Jeli. J> (Sulphide) ali^S ^fl JjLLji (Sulphite) ^j^l U 

<JlLa) 4 i\. ^ jU, „ (jlft till jliJI Q A i a a it AjLaC g-oJ CS"^" °J-^ 
(Sorbed SJL<uJI J 4j^a.lafl CjIjSjaII (^jJaJI JkjJLj t(1*i»Vl<«\l 

j (Biotrickle filters) aL^ jJI ajjj^I CjUJ;^! jajjj t compound) 

(_5ji^o (3isu jlajjill 3* <il]j 4jLuo La jl A jfLij i J A-^LaC- 1 (jft ojLc- 

1 ajja <_LaV I (j-a -li^) -0 t — 1 ^ a uj^ail o^A ^^Ic (jjlxJj li* ^JJC ? 6 *W^J ^P'-^- ^1 j-a 
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1§J3 ( x ?- =k *-^J J "SiJ-^ 6.1ui£VI tllVA*-a (jVj to JJT i <-i "Lall^S! 4_a.LuiA]l (jj^J 
LaJj AjjLbajS ^AjjUjjS 'i.la.j£ a jjt . jj£j jl j^-aJ 1 g al a a I jli ili] .4-JI& 
jj3jJ -"'^J LaJ JUI (Jj"^"'^ ^ajS n-> .4-iSle- (Jj"^"' Jc- (Ja*j Ljjl 

. jl jaajJu I gj« jtLa j Aj-ljull ■ "'I Aiala 

bjja, jjtj'tt j CjUS j^I (j-a CjljlAJI j^J^"' 2.5.17 

Biological removal of sulphur and nitrogen compunds from flue 

gases 

^Al qa (S0 2 ) ^-yjJ^li J J^ J (NO x ) jja. J jijUSI AluilSI 

<La.lljt3l till jLtSI J .la.1 jJJj JjjSlj °^ (jl JP^-I (j-a UJ^" <_S"^ ^ -W"^ i ~ J ^ -^*° 

S«s ja£ j 4_j^aji.j Aja. jl jjj Alijia ^UuaI c*i]LiAj .(Flue gases) 

a Lai AjjJfllil! 3 Jjl J aj£ll / 3 JJ1I J jj°^ JjJaSI (jj . Cj3jJI (jjiijjj tbt-a 1 afrLo (j — 
CjjLal! jliSI LjjS (_pa^)xJJ 'i-ll-la. <La j^-'" 1 " la JpSI -isSj 2 <j\U/^l S^li^lj j*uij V jl 

NO x _J <> %20 0- Ji^j S0 2 _J <> %95 6- jnMI Jla jiUj Jl 
<> ajjj j^Vl j-B) (Fe (II) - EDTA) Na HC0 3 _J! J 4±>j± ^ 

JJLa-all Jj] jj jLuj .(^}LuJI siA J 2La.la.jl! Jjic JlaJ («ill NO x SI jllji 

.(12.17 JSJiSI) AjullLa Ajajjjj CjI Jai. Cj^Uij iiisU N SI j S SLi <iaa-all 

_SI <ua Jjai (gill (Anoxic reactor) ...<m JcUJI J jVl s ^iaaJI .^"...* 
.Denitrification jja.jjiull p jj aJ^c. J^La. N 2 jit Jl NO 
Fe" (EDTA) (NO) + electron donor ►Fe 11 (EDTA) + N 2 + C0 2 + H 2 0 

Jc. jjal a alS tJjjljjYI jl (JjjliLa]l (Jxa (jjjJ^SVLl pjfi-a AiLiaJ t—lllaJJj 
1-it.jIjj H 2 SO3 (Jl jia.1 ^jj 1 jSI jljjSljSI jlj jjga SI LaAj ijclijSI 4j j ^.aluil 

iL-lL^g Cii^)^ Jl j _aajjl LjJ ja. AjAuiSI jlxj IjjaJj iH^S Jj Aja. _jSjjj Aijjajj 

H 2 S0 3 + 3H 2 ► H 2 S + 3H 2 0 

H,S + -0 2 >S° + H 2 0 

2 

JSJSB) UASB _J Jtlia J H 2 S0 4 _JI Jl jia.1 AAat ^jau 

(Sulphate - ^j^ll Jlji^l Jc SjjSII Ig-S Lj^ jjjJI t(5. 17 
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4jii-a jI^o j-aJ jJI cjUui. Ljjll c_al > >C\ j .reducing bacteria) 
H 2 S aAjq}] Lj&J dJUill JcLLall Lgla^j .(BOD/H 2 S0 3 ) 

J^J"'J 0 2 A_La£ Jc » jUj, ij . ( Jlgj ^ij-o) S° ' all Cjj^jj^II Jl aJj^j j 
.H2SO4 j H2SO3 Jj S° J_aaJ A jUr. <-_a3jj JtilLij taJjoiSVI J^t-a Jc 
Aiajj^ *JJ' aj 1 oi& t"lljla»ll . (Jclijll (J^l.lll ^jja ■ aSVt A_La£ ■iJ-^J 

•ajj Lj-ala*-aj CllSjll (J£ 4jjalj-o (j-a V . I^xij^a 120 SI t_ljlaj La -1 l^Luil J 

. jl j,<U,i.aU f.La]l JJJ^J l(On _ NriG) JJjJ^aj^ll (jjjja (jc 

(Biodesulphurisation) Ljj^ CjjjAII p jj AjLac J -ua tii V 

Alljla ^Luisl lilliA j t(_J^)i.YI aJjLuJI 1 " 1 <aill AiJbt^a J ^ j£j 1 a a 1 j','.'^'"' (jS-aJ 
ClLS^all ilk-all Lj j&jll JLutluiL aJjLJI ClXjaslI <>a Aj jLalt A jA 3JI jV 

liA .(Sulphidogenic UASB) sUu^J AiLj^ll UASB c^lcli* J ^jjSII 

Jjjjll (JxLx-a J i_ajj-all oljLa JLL J Ajllc CjLjjlm,«i Jj Cjj^)^]! (Jj^aJj 
(Jjljxull ^jl 1 ax i'<l ja-^ * g/l Jl J^. Jj) AjjjJj^ll ^1 jWI <c.Lik^aj 

2-9 Jl J^>j '""'j- (Molasses - based fermentation Industry) ajjIuJI 

ojjjS CilxaS iillL>A j .50 g/l Jj ^c_iiail Cj jjj Jl 1 J tSlliSj g/l 

LaAic jj-lxjll Jaljt-a (j* '-""^ II I— SJj^all (_£jL^a J .1^.1 jjij CjJ^)j£ll (j* 

' gla IUj aLL jjU-a .ia.1 jii 1 - ua (Pyrite rock) Cu\ jUI jj^a £_a JxUjII 

. Cjj^)j£1I i—iiuijj Jjjja jc l$ia %99 JJ^I ^Ijlj rtj '&«-Li£j Aij^jall sj^j 

Soil remediation Ajjoil ^!iUaj 6.17 

sLiaIIj AjjjII Clljli f»Jjll <cli-all allc A^.1 jj ^^lll (J£LuLall ^>jSI 

ija LalU Ai jjj^all ilUall jjj . (Sediments) CjU^jill lilljSj tAJjaJI 

jULa 16 ^1 _ja. Jj-^J 1 ^ -vN . *~lj AjjjII AjjIaII S^)Jaa II jl j^ll (jx alajll 

UjjJ (J i^jLa ja 350000 jc. JL V La lilLiA j .^c JS3 jV 

jjAa Jc I Jai. bojiiSI I Likjjl jjjJ jLilo 100 (jc (JL V La ' alSj Le-li. j AjjjxJI 
ajjKxll CjLulall IjJ^a CllljjLall JiSI j-aj .A-ajlill Aiui 25 Jj 20 SI 
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J jJIj tcjU jjjS jjA^i! j ^(Chlorinated solvents) 
(Jll (Bioremediatin) ajjj^J! AaJUxll .<jjl*Jlj t (Polychlorobipenyls) 
(Detoxification) ajaJ 2UljJ J Ciiiia] ajj$^J *Lia.Vl J £U L>j 

Jlj 'Aij <Lajl (jjlj'J CA\j V s^A AjjJaJ 3 7- H » all . ClllijJjSj jAl^JU 

Ifr^Laj ^SjJ Ajjju^a t£lji ^3 ^ ml mV I ' . Ujmllj . (jillj £J-<a J-a ^ a la 3 

CllULutil i _ s Jc e jUu.'\l i _ s Jo lj.lc.Luij [ _ s j3I dlLaji*-a]l j oifol t-illij < ^ jSj i a a 

;4_iMI i llVI all ^ CjLa jl*-a]l 3 ^""J 'W 3 A_i j ;^ II 

jl (jl^j t_L£ V ((Bioavailability) ajjj^JI AjaAiall • 

^>iajl) dl _jLall dAjJ_)a.j dlUjl^ll oAA (jJJ jjaillxJI (jJ-alll (Jj^aJ 

.(2.17 jlLyi 

£> ajajj La c_aj*j V (Biostimulation) lsjj=JI jj**jll • 

d jjiJj l^lac 5.ljN? CjUjI£]| ej& Jajojjj jiaj jl I g j£ aj 

^j^a (jjlSl jj£aj (Bioaugmentation) lsj^J ^^1 1 • 

£-a (jljljUJj 4j2 j,<u,i.iLjj (_Li*JIj I All (jl (j;l«-a Jaa. ^ AJLajj ^JJ l_JJ^)C. 

.ALii $J ja. jxll ClLul£ll 

tSJjaJI J^uaullj Jjiaall 1.6.17 

Biostimulation and bioaugmentation 

Ajjill ,J Aj jLal! j! j^ll (S jjaJI ■ " Luifill ^jic o jjlsll AjaJI CiLul£ll ja.1 jjj 

jlj-all j3 jj lie AjjJaJI AjLaaJI si* J' taaJ Ij] .Aj2 jaJI oUaII j ^u^a) Aj jLall 

<_Lal ojA ^^-axuJj .(_Uutll ^^Ic Cllljjlill ojA U,*Yi j ja^j Ajj^liall AjjIa*JI 

J jaJI Jl .kaill jli tiUil .(Biostimulants) 2Lkiia3l AjjjaJI J^l jjJLi 
iiAuuj L^Hlc. ^jj ajs jaJI sLvall <J CiU jjj£jjai^1I (Leackage) ^Lijjl 

JjiaJI _>lajl) AjAi-a jl_4-a j AjAi-all Ajija-jjllill jI_ja]U (_pajVI jl 4^)aJI 

^£3 (Surfactants) ^^u.ji jjjil] 4^aaU. jl^a La^JI L_aLiaj aSj .(4.17 
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t (Chlorinated solvents) SjjKa J^^u ^jjI* (Aquifer) <J 
_JI a^Uu 4j jIJI ^l^J <J JUJI ja LS (Benzoic acid) t&Ls j^ 1 u^ 4 ^ J 

.(Polychlorobiophenyls) J PCBs 

.(Co-metabolism) "j&L^JI 

2.17 JJW! 

(Bioavailability of Pollutants) CiIj$L«IJ (a^UiI!) ^jjaJ) Aa.l>a 
1 Simn Ja.1 jj Aauli AjjIu j! j^l! aJI j! ( under Insitu soil) JajiS ililijla CiaJ t-i jjfi <ji 

(Sorbed) (joxu 4jS>«1! j! SjjLJI Jl CuIsj jc aJjj^JI 4jj£a_aJI CiLulStt 

ji jii; Ai^aS si* ob *jUjlill JjS j- Uia,i ua^aj (HuiDUS) JLJI j jjMS £iUu3> 

.(Ferundlich-equation) J^A^jjjk 2jjU^ ikj luu 

(mg _IL i-i..naj j (Sorbent phase) <>aLaJu^l jjla <ji 2j; jUi j jj£ j3 jij Seq 0] i^a. 
(Partition ^iliU j» K oc <ji Aj>2»JI jI 4j>ufl iiuull Ji*i OM j ig -1 ) 

Able <U tlulj j» n j .(mg f 1 ) _JL o-LLj iSiiUJ) AJLaJl yi jaSjUl C eq _J1 j .coefficient) 
d& (Little sorbed) o^Ua-uVI iLJa jJ^ 100 j- Ji! K oc 4a£ dlLu yill CiUS .QA^axtiU 

i^f- IjjjSa * 4jjj.'.iu K oc ^jiLia Jj^> (K oc — 1 0 1 ' .(jjjiillS) > UJ^ 

fUJ yi I o jl ^ I JjSjIII .(Octanol/water) J^USjl/ »U1I (K ow ) J-U- ulu<& JjjL 

ulji\ AjS jaJ Ujj l^ujlti j»j jIjaN f liiil Jjla ^ JJj j^uJt L^uaj jl 

.(13-17 JiJUl >i!) (First-order kinetics) 
Jii^J iSj .(Aging) ji (jxulil) 4JU-1 ^aujj .(Pesticides) CiliuJ! ^> Jia.5L Us 1 jjjui la. JSi 

SjLolt £yuia Cilt g-)* j tliUJa ^Jl CiL&IS JiLi. j>a Aj^lait Stj^l] Ciljj jLilil ^uUjA jxuul! j! 

jjjc o^iliijj^ jli .(Irreversible) ^jxa.jV iiLaJ! si* ji iijja.j .jLxjVI Ajj^uJI 
yJI L^j! jrf 'UjLaci i_aUaj| yi 4 iHa - SjLoI! j-s A \\"\ g]\ GLujaJI ^ ; . A\j <LajLa 

tfjlu K ji Cila.jJjj ^Jj^l fljjil ^ylc j^aj ilibjjitt dJj JllaSj .u^j^t o-Ajj sJLiSI ^j-ij 
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Ajjj-JI (> L» sJlft hjjl\ 4_»lai ^ jUJ ^a.jijjjJt JlaoJI CiLSja. :13.17 J**^ 

£-« .() ^ la i n) 4JjV) sJLaSI Jj£ jj £4 i j i ill m sjUil f ti&l Jj«^ <ji (jju ^ iJI j^VI jVI 
diJajj ,<UijV) SjLaSI ' Laj JiajJ j»j5UI (j-«>ll j-"*-!! 1 i L f^M^ 4jj>«^ ^W^J^ 

(K s i^jIj <>a Jai) Uaiaaj AjIj^I SjUJI JjSjj &$Sj Ulifr ^j^l 4jj>»JI ^W^J* 

A^jljjjil AaJUuJI £iaJ 4ila.^l j £iHa «« CjL»jjIjIu.VI :4.17 JjJaJt 
^^Sc (ijjaJl ji**^ . ^Aw-N »Ua2Ij AjjjIJ (Bioremediation) 

jSjaS! ^ llu*a 9Jja.jaI1 dlj ((Autochthonous) 4-iiaj2»JI ijLuISJI 
^.J ? J' *— '^L>k^J J.'"'^ cs^ SI a I o H LjjjjS^I ^joaJI Jjjxjil bill uj cCjjiaJl 

Jll. AJVl J*ifl 

^ JjJli jj.^<l CJJjjj P 'N CjlliLj 4iL_^l 

(\<u^\ 

(jJAiVI jjK jj^il _>^* ^jpl (Co-substrates) 
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^ (Bio venting) 



O2 cAfi^ *^ 



(jjJ&lVI /J&-a AiUi! 

(Electron acceptor) 



S ja^L« jjfc (NAPLs) (Surfactants) 

a ai l i " 1I jj| 



'"'I a j 4j^)!i]l ^Jalj 



<jj^a <]^Lwj A^Ljal 



jjKll JJaia (Jjjjill ^Ijj 



j^j^i^l <LolSj ^j-ol_^L<i 



oJ_j^_ja]I (Jlijll CllljLuia 
^* I ^ ' I CjUaJjjjj j Ajl^U 



I a * . 11 /\ 



(Jjiiall ^Lii jjAJj 

i— ll uia ^ ■ - 'I \li " jljjKll 



Soil remediation techniques 



2ujft cjL&S 2.6.17 



<aJl*-a] <Lij;iaJI CjLi^.j] jjSlil (jx <C._jIlaj ojJJ^ Ac- a -I i-^* , „l 
llc-jjjjj jjSVI i_jj1LluYI (JxjjJj ' ^ aKjll j IjLull (j^ sill jla jLall ^-Jjiill 
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(In Situ) £3 _ixJI (J Ala. jJ jiill AaJU-aJI • 

(Landfarming) (^jJaljVl A^ljj • 
. (Slurry-phase bioreactors) jjUI AjjUiat o^liall • 

jl jjull ' «jU.r.\l tJ lc. (7ft 577i/) £2 j-aJI Ala. jj jiill A^aJU all i«J*J 
1 31 a& Clljlill l$i3 (jj^J / J"t diVUaJI ^ ^ii La o-Ac-j i^aaJI 

£S_axi]l ^gfl (_£jiaJI ^ajlill L-b iuSj j .1&JJC.J Jjjlall j ^Lia]! dial jl ^JajaJI dial 

t> Ljl 2% ' >aJI c_aJl£j i . iiajj AiV LaUiAl szfti biorestoration) 

^jli. 4jjLloj£]I- Alllljiall A a 11 » all £<a JLaJI _&& La£ i<LaLui]! ■ 111 allall 
■lljjjjojl (j-Slia. i^ya Aluilui -I jaluil 1 ^Jajoilt dial dIiaII Jj.il -(cX-Cito) £daj-all 
AiLdal jlC jl p.l_4g-l] 1 g i '-"..'J""' A ^■■"Ij' oLiaII ^jui^Jj JSj . jllVlj! uall ojlcjj 
j&!>UI (Jlaill JaLuij jl j»i AJajqil jl ^g-a jijaJ! ' ajJajoll (jjlii ^J .H?02 
^-3 Ala. _aJ_aiiil AaJl*-aJI _3 ^jJal j]l (JjllxJIj AJl j Ajoi! j^ll (jxs .ll JaII £^ J^' 

Aijill ^a a ?.Lajl £i<aa. .'JJ*\.' ait iaLoijll j^aj Aijt i ^ u^'j £^ J" 4 ^ 

(_L>aJ JJ^ a ail dlill^llj Aljjjdall 4jj!^*JI jIjaII (_LilaJI ?.LaJI jaa. iAljLail 
dlljLall (jA «Jll£ dLba£ l£jll Aljlll ^ ojll£ I— lljaj (_pLa. j-a (jijlll ^1 

CjLLL (>uia Sjj^aa-a 
-t _a. ji jiill JK'ill Jjju^a. ^11 I " ua lia.j]jll 4 U .Vill Jjlallall 

£daj-a]l ^ Aljlll Ala. J^JlllI AaJU-al! j^a J^a-a .la.1 j ^ ji I ja.j^s jjl 

ciiLuaill jpSI ^ soa.1 j U jLucLi 4 (Bio venting) Aja. jl ajj^jII ^.tuj 

jjc. Alkla VadOSe) Alkla oji jlal! j S^liSlI j AiKjll t-Ua j-a Ajllxi 

Aj_a^!j]l (JaLoU .JaiilU AjjLa]l £31 t^J '(^^J^l aLlall t_l jxuia (_3j3 A*Jjaba 

dlaj «.l _agJI jJj^i cAi^A 3 (J*" cs^^-?^' CS^-?^ -S^^ LJ ^^Jc. Ala. 

ciiLbat jU5 ('/. > 97) ajIIx. AiljJ Cj1*L& ^ Jjj^aJI (jLajj .Ajjill 

till jiui S^C. Oxj (PAHs) CllUjiaaJI oJ^*la]l ClLijJj£jj^JI j (<C16) Ajjlill 
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Aja iajoi ' " ■'^^**' ^_lc 4-i 4j\^r. j i aSSj .4aJl» oil j-a -Lis 

Laxs 4_J jLaj Jjlalj-a]! j!i£l ^)JC. elj^-JI (JiiJ igi ' . jl 4jLui jjlijll jV 4 ■ njL^Lc 

VI <Jjj11 Aj*5 j-all 4ja. jl jjJI 4 -> H t fill (_g ja.1 ^Uj 2 ■ a3 jjja5U 

^£1 jj Aia-a cjtjLii ^ j j ^jj Ua j .(Phytoremediation) ^L^l j 

^ (_£ jj^a»JI (JliJill jaaj jl ^iajji AjjLiill 3 7- uuVI ^ ^ L£lll j-lU-all 

cr k. . ojJiUa 4_ailla3l Aiklall ,-A j (RhizO Sphere) Jjioi jJJjll Ailaia 

oAA (Jja. 4jxujj^>]I all (jl Uj < aja jj ' "J^'J tllUill jl jya ^&jll 

jlj '(0-50 Cm) I frla SUua ,j£aJ Ajjill j-a iaS3 4ja.kj.JI Alliall jlj .lij 4ijjia]l 
CllUj _jLa]l ala^o jjxs ClAjjIuw liljJJj oJc dll jjjj (J3j.iu.u1J ^!>Lst3l 

. j.^iUll j>ajll JJjlaill 4t*Bj £-a 'gPl^! ^^J«JI £jJaa_jj I^A .<JJj1I 

(Landfarming) o^Ji\ ^1 jj cs-^ L° ^_kJ jj 4_iLii]l ^Lll <ll jl jj 

I jli .(14.17 lS^I) ^jj^j^II Jlajll (_>uLul olijl 5i j j«-a AijjL ,_a 

j)-a Cjljjjjo 7 jaj (j^Tlli.LLli.Li J^aV jli tOJaJj 4jjui JJSJ j-aC ' '■ aaj tjAdJftl 
^j^A V j*^>j Ajjj J£] 4jj jjJJ^SI jI >a]l j>a 6.4 <ll jV ^^J«JI 

Jjjjia jc p^gjoill j '-— » 1 SjJjlall ojA ^jJjoui £3j j£-aJj .^K/^La 50 ' "J^"' 1 
Clllclajjl jl La£ .((_>" Jf^J^ jIaui) 4a.jlia Ajj^iaC. I "'I ala a ^-a A-JJjll Jala. 

^3«-a (j^ Jjjj ^jj^j^ll ^- jlillj iaLiill ojbjj ojljaJI Clla.jJ 

4jLc. J^aaj (Cosubstrates) 'oj&L«-a]l aJ jVI jI >a]l jli i^ilj ^^ic s 
L y*ji\ A^ljj ^Jij aJjj o^-ajj .(Cometabolism) ^cL^I JAajll 

4jjI _jAV (jl-ajl ^l^ajjoil tJliLall (JjJxu t _ s lc ,(_3j.i.n<i ^1 _&aV ^!)lc. <_JaJi tJJ^)^ 3 (jfr 
j)-a o^cLuiiaII jlj-allj dlLl^i-all AiLialj jjjjjj Jjlj J^-° ' 111 j a jpi ^ail 

dll ■ ajj all jj^J jl 1-aj '^}jlj ^Jjl jA <la.^ ,<ilaj!La]l Lijjj^jll jj^*^ U9" 

. Ajjjll 4ijSj^a-a 1^j2 A*a.j V " JJ' "*.' "J 'ij-alxa jl Ul£ 4j^*-a!La 4 1 j[la all 
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ajLaJj (jJJjJ jjjUj AjjLall AjjjII jJ^-Lj] ^la-iJ i—JjLoi^/l I^A -I i-n,"...! 

(Slurry-phase bioreactors) jjUI AjjL-bc. ajj^JI CjM&lLall jLaj 

llAcjj tdVlaJI ^Jax-a ,J <,_A aj* j .Aajihll AjiJI j dllj jLaJI 

(jUaj jel (JxLjI (JiiJ dlV^«-a j .4&j£Lail ^JJ* a ail CjUjI^II (j-a aJ.la-a 

4 iL all j-al! til j£-a (j-aj (jj^J La-lic Ll-ajJ AjJJ Uq ill (j-a ^C. 2.0-0.2 

.i CAjjIuw 4 nl"'l Aii^Ul ~ j ■ idll^aiui S.1C. ,j-a V.iJ iLajJ 30 

.Ajjslt j> oW200€ J\ ^ ^ 




lalaj . (j^ajVI Act ^Uaj j) tjjWl i_iLd Ajjj JfrliaJ AjjJajfr A-aJaAd : 1 4. 1 7 JluJI 

j-a '(Liner) AjUaj ( _ s Je jtuula JLuu iAiAiJI dLuLiil j <Lul j*JI j) j-« AjjjJI 

AjjjII ^!sUi tijj*- t-ijLJ (Landfarming) o* 3 ^1 JJ di tp'j* J- 46, 
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Treatment of groundwater 
Active remediation 



k£ jaJ| sUafl A^Jbw 7.17 
5Ja«u ^aJlxa 1.7.17 



LjjjjI j a.laj-a]l (JjLiV _j]| ^ o^jLuill <J3 _aaJI alj-aJI <aJljt-a 4ja.pl jfijml jl 

^1 .(Pump-and- Treat) AaJU-aJI j £^1 lia. _jl ^j-a^ LJ ij^aj ^ 

(JjS AaJLvall Cll.la.j ^ CjIj jlall <ll ji AjjU-oJ^I j AjjLj jjall CllLuai]! - 

^ (Air stripping) *lj$ll -ijjajj t.k o ii o ll jjjj^l iJwj^ 1 6° 'o^j^ 

(JSjill) ClVLaJI j-a XlO j-a (-5 'Ua.jljjJI ClsilelLJI al lalml all jja. 

ta.Jj.la all a_)iaJI ^-^f" 1 Aja-jlj^JI Aailji all -I laJiuil 4j.Sj.la-a jl .(15.17 

tjjflaJ ^ Jjiflll Ljajlj 'Lja. j] jj£j13 J j la all J jjSlI jl ALlall 4a.lla]l CjliLnll j 
<J (jVI Ja. (Jj) 4jjqUaJI CjljJaJI Jj£l J«Jj .L-L^JjU 2L»_pUi CjLjjialJI 

jl£ £3 jail J-*^ £ (JjUajJI AjuuoI jll 4ja.j]jjjJI <aJlji all CjIsjaLj 

a ajaj , „ „ti <LuiLuill a i au ^^ill t4j]jjjj]l 4jjjjj£ jjjj^j 1 ! jl j-ail ^^a. jljjnil (Jlaall 

(Aliphatics) ajjIaJVI j 4jujia]l jjc. t^juAJIj 4<&jiiallj 

<J j .ejJalaJI j 4a. jjjjl j 44jjLa.VI CltalaJI CjIj 4jjI»*]I tlilj jjj£ jj-ligJI 
^S^aSJ ^Jill ajJj^jll qa ajjoa. pljjl JJjlaj aj tAjl £*j ta jJa.VI 
jl tJliLall Lyf"" i^ 6, ^ ' ,J ^_A a3< ^' jlj-allj CjliljjKll BJJ*La 

(> lalaj CjIjjKII CJIji WJI jlnJ atoaj 4ailall UASB dj^liaSI 

4 ^ j^alaJI Tetrachloro ethylene jjJSII ajcIij l*AjVI t> 99%) 

jluoaS (Acetates) Cl^laJI <*^v^'.„l jSj . 4j jlall 4j3 jaJI alxall (ja jjj /iia 
Ja3 (eaJJ^I jV JJ 1 .2) 4aui3Lu Ajiaadl ' SjjlaJ Ojl£a jjjjSU!ll £tjLa j jjJja 
LjJia UASB d^lclLa Lia._jl_jj£j Aj3jJ aJJj li* ((oLl&I! (j-a gJljt-o i ■ jl« 
.(Jiaall 4jLaC ^Jjjoiil AjjIj^JIj 4jjI_j&!)UI Ujijajjl jJJ ^ aaJ AjjjJja oLaaJ 

-^tjJa ^Sj-a 77 (jlJ j-a j .4L_jIa 1 '.'k'''"' till jj3 (j« 4jliajj La] dlVlaJI - Saa a 
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jflll ^^fLj-aVI ^J"V <-_sl JjuiJ dlaJ 4_iaJ (Jj3 (j-a l^)i.j^a ' S °"' ^ ? " * " J 

^ AjsjJI .laa *&*~\\ i_.sI.iaI l$L» Jaaa asL& A t(NRC) l!i jaall 

.(SDWA) <aJb alt olxa.1 (jjjlS A^aJala i . 1 1 j Cjjli.1 ClLjiui^ i all 

- £luZ t(2005) p jJlj .(-Jt-ulall jjA j-JI J^-*. l$J-l jl L-ojI (jliLaVL) 

(Methyl tert,-butyl ether) jfeVl jrlU .1 JjSj t 4al*_« j -^a" 4uajjl jiJ 

4_iaJ ala .la. . (_>aj^' ..jiij-l ClAjl ja. ,j Saaill (j jaJ ^ J -4 ^ 

^gk jjisj La LJlc. 4jsJLv~_1I j -£tj__a_l jjJa (jl 4jfL)j^/l 4-lila Cjja_l.l 

-""»") tllljjlLa ^Ualil ^2£, L-lli _j nil j-a CjUjjla.1 2JI j) ^-k- l_j-ij-_i 

eJaJj t4 1 ^-mJLa.1 Clll .'^J"H J (^LaLuLoll dllllla]! (jjaliajl j i JjjiL_i]| Jl ja. j£ U. nil 
I j*-"'"'VI ■ ■ Ijjl ■ "I (J_Ja3l ^^la-J .(_>ajVI ^-su-i CjaJ ^1"'^ II Jsj-I 

f Cjljjla.1 (j-a jjir 1 ,-1 ?■ ja. LSj^ '-^U^ <j^*^ V lA^^' L>° 

a 11 . Jl ^...uti,.,! ij_ilj_-_j t jJi-jl IjlgJ 4 ;'V' . Ajjlill (UiiLa tl$j-a 

(JjJjoi ^^-Ic- tAja t >i j-a f.ljja.1 dlLujLa-a (JLaatlml o-jljj jaj Ajjaill ClI JjJaill j 

cjUjjjLuuj (> Vaj c(15.17 J^ill (Biofencing)) ^j.jjj.1 ^LuJ Jlia.1 

(jjJ*J ^JJ iLjjjjjJa (JJ£.I £^kxl\ LjjS jjf-J ClVlaJI <_ji J .4lal£.l <aJU oil 

jj jLuc-VI ^gi iiofl £-a t^}iaLk<a]l ^JJSJ (jjoLuil ^gJc. t<Laljj^a JSI ' ajJaju L_aljAl 



(jli t(_Lvaa3t I^A ^ siltl AjiSLLaJI j tljjj£ 4jj:jjAa]I CjLiSja]! jjfr Ijc 

JjKlt sJjjtla JJjJI sjLa lillj (^Ic Jlla . iLIS V] Up^J^ j' ^J^l U ju no 

jaj j^ic 1 g SjS nil ^ j^jJI (Furan) jl jjjsJI j (Poly chlorinated dioxin) 

<LaLaall Jjlja^l jJC. I 1 <3jl _j 1 1 a2 j .^ejLvajS]! L_lj£j!ill CjljlaaJ AjjjLa. Cilia jlLa 
'PCBs ( _ 5 j'c Ajjla-all AjjljLajSlI CjLjlijll j idjjjllj AjjLall <jj!l]|j iClljjjll diUlijj 
Aj]b<J! ' . llmjj .Aj]L»JI SjljaJI <a.jJ CjIj (_gja.VI ( " ll _\\ nt II ■ '"fc'- a (Jj3 (j-aj 
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.13 j .sjjjS AjAm A_iaa! dll .'^J"^ s^ia '(j^J^J Uj ,L "^ >J JJ 

Jjj^jja jjc. Ig^ilt C-Utj aJ j^ll! CAjliill (-3 (jj^J Ig-jlj LaAuiV 

. (Leaching) ^LiSjYI u& Aja jaJI b\jA djjli <J tjlaj 




(^) 




AjjijJI »Jbca AjJl-Sjiutfl jUVI "AaJUaj S Uma SI AaIUaS Us.j1>SSj fjiiuu (i) 15.17 JiiS 

l^jm (>bufl j>jj Jjj^ jStl jtlaui AjijaJI »Ua1I Jw*j yjj (Recovery and recharge wells) 

till ja 5JC A -\ 1U nil sLjJI (jSi JUjj . 4 4Vi^ n Aj^_j]jjjj AjjIjujSj Ajjbjji uU&i (j- 4 ^J"? « (JjJ^ 3 

tjjluil i^jil Aj^U t(Biofencing) ^^^Jjjjil ^UuJI (lj) .i^jUH jIj jIloI ^j' «^ 

Cfi Aj ji»J1 AjioaJI »U»J1 Ailaia jlAaJI Ails. JiJ ^1 U».j1jjj Ak£U AUaia A_aLal £yi l^Uj el jja.1 
uljjitll JKj jxu .La»j]jjj Ah unit AakUl AJaj L i xa it Aj2jaJI a Lull JiJj Uj2 . ^jiill (jjii (jjjJa 

.(Biodegraded) U^jUh 
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±**J)j <yuJa2! o*jjl\ 2.7.17 

Natural attenuation and monitoring 

JL>-a (J ^LoA^I <j« l-llj-a Aj jVI jel JJ jjJI (>a Jj^xJ) jlj Jal 

Aaila all dlLuaj jl A ajLa _a& JJjxJI oi& .1^1 ,'a.lj.laJI ,lk^aj]l CjLlisJ 

j . ^ajl > ■ L^nSI ljIjai Ajilil jjc jjS La (Remediation) 

j Ai 'ig"'. ni\l dllii jioll ill Lj jjji.ua jj.ll*J jjC. Jjiall I jlA J*-^ 

(Risk- jJaLa-all ^^ic 4.LU,i.ujvaJI Ajjlgjll ^jtiill ^jlfr ^jla -I laJiuil ^ (jjJ^J 

^j^iall . 4jjUpll ^Lul] AiikJI fjSJ! (> V^j based end-points) 

^■^W AjUU'.tl ^jJLuVI (jV Aja. jl joj Cj| jLukl LS 1& oAliaJI till jjVI oA4> iaj»J 
Jl£jail ,j -^JJ ^_^jJ^ tilij (j-a A.Ii.jljjJI aJailj jSjJJ ^^ill Cjlj_jLa]l JjjJ-aJ 1 g IS aJ V 
JaLuoj ojjfl] Aj_aLall AjjjII (_pajj*j (jl .Ai jJLa JJC. JI£juiLi jl to.VqT e\j\ Alali. 

^juil (j^-aJj . 1 0 5 (j-a JJ-*-J A-lAuut j-a .laj jl j£-aJ ' aj£ a ^g-a jj ja. 

iaJ i aj J^J±* jLui.1 J^Lutj (J^La. (j-a Ajjg . aj Ajlljll AjAuiIt (jc. dlLajlatxdl si* 

liA ^jljjull jUikVI (> £ jj ^jijj .(Soil leaches) ajjjII ^ij aUa ^ 
Ax^l AjjiiiJI CjLu1£11 ^tjiKII Bioluminescence ^jljoJI jSbll 
CjI jLui.1 i^Vimi ^ill i(Photobacterium phosphoreum) 

Aiiaj c±uu] cjLuLilLall aj^U ^ .Lumistox j Biotox tMicrotox 

Jjall I^A j .aJ-uj o^La (CZ (_paj>*jll Aic ■ "' W J <—Sjjoi p-jpJall L jV aj 
oJ^^o ^> jjSl) A jj m< ill jUuiSlIuiVI oj^^l (j-a oAi^ Aj3 ^ ^^C- (Jj^-^' 
jlauoUjail 0 j^-^l ' JliLall J^f" 1 'JJ^ 3 .A-aLaJI jljtall (j^ A m. * ^| 

^*ia_4j Aj^jIjaJI - jaill ^ J^JJJ ^^jII jjl*-all (jc. ' kjuaSlt Aj^jIjjj 

(Reporter Aiuiljx CjUu^ Vibrio fischeri —II ^> (l ux ) cjlnaJl 

i ALai]| j^ljtAll A-ajlLa ^aJajj ^ A^ilijiall ClliiaJI CIlsj genes) 
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AjjilU Ja^fcaJVI Jic. 4<alj>all <£LJ ^jaj AlcciUgenes eutrophus \ij££LA\ 

jAlstxdl j^J-j ' . ' ' f J' ^* (J-»jojL] ' j^la-alL (jJJjLal! p.Lall jl 

' Llia3l (JjjIjLo 4_lajjol _jJ mj «. jjJall t— llxjjl (JjjIsjj JJJ oj3j!i-a]l a i la ail 

.(Spectrophotometer) 

oJj^aJI .Ik^ajll diljj] ^3 jji.^1 ^La!i&VI jc. (Jjjjj-a ji.1 (J-alc j 

jj£l <ajlaua o j. .-il i<i ja_lj .AjIUI 1 $lal£j j alt i*>1j*ia* ^JaJ ^ 

(Intrinsic t<ialill ^a. jl j±A\ A^WmW jl) -j.^ 1 jj* JiSL i-Lajj (Aj*3I j 
4jaJU-a]| .Alnll AjLaaJ Aj£jxaVI jll Jjs j^» tbioremediation 

dlljjLalt a jauj 5JI jj jl Jjc- jl 4 4-11 jV ^Jajjiall dlljlaxSI ^^Ae Ajjlill 4_ia._&i jaJI 
aJaa a ,^3 j.'^*"' AjjI ill ^Ij^l A-aJl* all C±]aa.j] A3 j . fC jj^j (Ji.Jj jjJ jjxs 
La l*3_a* jl ALVI llljSI lilfl . tllU jJj£ jjJj^JU 4j jLall 4j3 jaJI oUaJI jLfca.VI 
I jiai. cJ^y ^ jl-lLo jl j t4jjlill Ajl^. 4aJt» all A^jlj ^juiaJ A3 

Jaa3 Ai^aj 4_L-*a £3ja]| Ia& Alull - jjaju 4.11S j ^iaj A3 ( jLuiiVI 4 3 i -» ^^Jc 

a»j jc. ajSI j-a aLLouj Aja>ijl jiuiVI oaa s-illajj j .(Monitoring only status) 

■lo^JJ t^pajbll (Jjii-a jl-llj AiauiljJ A*J j-a Aj^ajJI ^JJ jl j^-aJj 
4jjLjj^£]I 4 <-i SAL j]l (JjjLujI ^^At ~ la i all j^s 4_jjjs]| dlljjia]! 

cjLulall J CjLijjj£ jjA^JI Jkj (jsljj ^aJI JjL^ail (Conductance) 

("\\ 'tlKll ,_UiKjjjj AxJ jc. 4j3l jxJI ^ - laJlkjia ji.1 L_l _aLul lA j . ajjK^all 
jl LaJj . oAAa^o dllj_aLo J _j3. j ^iC \dj If. jjJa Lul jj AJii-all 4aj3a]I 

CllljLil (Jj_a3J ^JJ t jjaIj A315jj A ! i aj a 4jjjjJa Ajlij 4 kijj a AijSAll CjLuI£JI oAA 
jjjj jjoj j£^iJj . AxJ jc. (Jiaall Sjjjiui Ax<ajj JJ-^lj ' " ^ •> 'J 1 ^ 
(Jlaj AjLaC- jji-all ^jSiJI Aj^ojJ AjjLa]l ^1 ya\\ ^ CllLta-all oAA 

.CjIj jLall 
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jj^C ^jxllSI Jj^aill 

Production of Antibiotics by Fermentation 

Derek J. Hook ^jjA 4l« j 

3M Pharmaceuticals, USA 

Introduction 1.18 

lilLiA .(jLuiiVl (_^al^al ^^lt <La&b.a,a]l (J£.uUj tAjjjaJI i " 't s ■ '— aJ 

AjJJa. ' " 'I J i <a aS 4_a^o jj j^ij 4 ■ -»■»■ La^JjJ 1 .ul J aJ$ <atli a-all J_pi JaSS ^1 ill a 

CjUjIjjjj£jjjlillj Sulphonamide CjIjjJ jjaUl :laAj 
tlipa. (jj^Ji !>U.j jSj .Fluoroquinolones 
t Oxazolidinones cAj jijoJ jjt j£ Ji\ j& j 'AjjjsJI CjIjU^o (_> jj.ia> ^Lj-ojS 

(J^JjkjII Ajjj ^CjJaljII (j«aj .l jU l n^ l LljJa. IjLjax jj^aj-kj (JjjjJ 

■a ^aC. £-4 LjjL^aja! (jjisLlil! ^ya JJ-la. jLjax Ia^. I _m i alt /_ya 4jl k 4_JUvJI 

'(3-lactam ^V-liull Jl* Generic antibiotics ^jj^l Cjli-Ja* 
aj.i1 lit V] t Tetracyclines nKnijall j Macrolides CjljJjjSlaJlj 
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j^C < S uj£j Iaj AjjJsJI Cjl^Lia el <La jlLall dlljjl£]l jJaJ jl J-alu:l <jl 
tiilli] "^J ■** J ■■'«■) Jjjja (jc- a 1 ""'^ all CjljL^aYI ^iLxJ ajijiaJI Ajj^VI 

ClAjjjj£ oL?-jL '4}*^ J'- 4 1 4_*-u:lj AJjJa. 1 " ll ^ ■ '- a ' al "-'^l J JySj-JI jli 

4jj.lV I JJjj-uj (_>^j3 CjjIj tjjjjjjiill jja. J j .4_ajlLa]l i "'I jjl£3| I ° Igj i jj aJJ.la. 
jl^aiuiVI Jc (_Lj«j1 CjIjIjS Jc (jj^ajj La-a < (j qSSjj JjjjJal! ' lApl\ dllj is.ll.laJI 
i iiaa. Jc. jj-Liuil j] tiillj 4iLial .ajj.la. Ajji i_aLiu£l CiV jla-a J 

^1 'Vi.nl ^lb i i r.1 j i ^1 0 \a 4 i-^ jj J ^oluia A-ia i all AjIc. JL 4_aLtSa]l <fcl L oil 
Ijjs jl Vj .IgJjlLi I aJja I illall <*-lJ j 2j jj^JI i * ll lljaa ^_j-at 

J jl j.aIuiVl <jx 4jjL qjSVI (_S jjaJ Ujlia AjjI jjjl ^ C.I j ■ all J Aijaa-a Jl j 
. JU-ajl IjA J jLuIluVI jjUJ! 4ja *il j J AjJ-iVI oaA (Jla i_aUSj£| dlV jU-a 
Clli . J^k- t_iLiuSI (jt LK Jajll J) AjjjYI (_pa*J li* jli LaS 

(jjSj (jl (j£-aj j]l AjjjaJI Ajlaiill J all (_£jaJ Cy 41&1 cAjjJaJI 

jA lillj Jt 1 - Lj la SI Jllal! j . j,T...al ^La^aJ Cjlj (JjIjjjAj JjjsIIj a Jal a aij ajaliuia 

J Bristol-Myer Squibb s^j^-" jJ-a~ J jI^jj Ajiajl <_sill J jail 

(jjj£ljlui J Up! uila J AjjjaJI 1 - 'I AjJa^a ^L\i] Jaa> (jplftL 2004 j»lc _>^ljl 

.AjjL-ajal ljUujV iiiljjjjjj 4 Syracuse 

AjJjaJI ljIjLJx* tiliuaj (jC 2.18 

Overview of antibiotic calsses 

CllUJaall (— it ^L-awttj AjjJiJI (— ll al 1 awaj Aj^aJlxJI CllUufa]! Cllj^S Jal 
Ujla t^^J^I jVjJ (jj^ 26 MJ^! ^* 2001 ^Ifc J (j^V <-«Jaij4-a3l 
f.Ujjj| (j^s j»C-J^J -^11 cJ^w)^ 3 U 4 " (jil ^JJ^^' CllljLia-aJ jVj^ (jj^ 19 

(_3jj-u j,<u,i,>u < I k-Ux j!i£VI (jjjjoixJI AjjJiJI dlt iLja^J ^Iji.'VI dllf.!^ Aja.^)L-a 

.1 lalkuVI _jA ^gjoil I J^A? J '^LujVIj ^g-aJUl AjjJiJI ■ " ll il ■ a a 

jjli^J lillj (j^i ^)j£l dlLiaS '(j^J "4^1 J ^4-11 J 'SLJ^-^ dluLjaaJ ^jlj!La]l 
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t> cJ* 12500-7500 Ji\ j*. j! j^jj j ^ J ^ J jj^JI 

Sij tj-aill ~ ja-v ,» (J^]_ax£ (jLuij^l ^^J«J <La.lijjaui]l AjjJ^JI Clsl-iLja-a (j-a Aj^stll 

Qij LiJjSj (jjJjLaiLs (j;i«jai3 ^1 Ljjjj^jII a x • a all 4jj.lV I ijjj^ ^■'■"^j 

juuSJj .4jj;iaJ! ■ - 'I MjJa< (j-a i ll J * I j AjjJ^JI lllJ (Jill jLUaa 

Ciinljunnill j (%30) Cephalosporins cAjjjj^jlliiuill ^j£V-\iu Jjjui 
U .(%15) ^V-tlw t> t£>Vl ^Ls^ cjbl^j (%7) Penicillins 
CjIjJ jj£La]lj ((jjjaJI qa %24 J^j2 Fluoroquinonlones CjUjljjjjS jjjlalt 
tOxazolidinones cjUjjjjjljjl Jiuuj .%20 Jlj^ Macrolides 
'tetracyclines ciil nK; Jjjjll j tstreptogramins cAjjJ je. jjjjjIuJI j 
— SI Carbapenems CjUauAjj^II j tAminoglycosides AjiuiVI iiit jjjjfL£i*]| j 

iAjjJiJI ClI jl i AjjjLujVI <— aLu-aVI ^.J"^ |_>^ajc. ^glj La AjSjiLall %4 

ClAjjlLallj LjJiLiil (jjjaiajl AjjjiaJI 4jlaillj Lj-^lljj (jjjiaj 1 g al laHuit ^Jjlj (j^J 
4jJ jol! o jA ^ ^ jjJa _jj 4 ilia LjJ Ljjj^JI 4_ajlLa f-jjii 4jij£ Ij 4 a laUm all 
.AjL^kc (J^i! _a»£ CllLujjfui jlliijaJI j 'iAluiiil^ jj_aiaj ^JJ^j J^-^ (j-a 

La^-a Labil& JlLaJ ^AjjJ^JI Clll^Lja-a (j^J j^ll (J^si _a»JI o^A <JI jj V ijatalbj 
^jC ^ la«J j ' Llla Cjli Ljj-a "LaLo (JISjoiI JJ_aiaJ i— 111 AjJjSSjll dlLL^^U 

4 » ■ <aj LjjLaJ 4jt^Ull 2j_o±aJI I " 'I AjJax aj i nq'i jS-aJ t ^Lc (J£joU 
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ili\Aj axil oAA ^jli aJ ^3 CAjjl£ll (JjS (j^s 3 a l^luixjl AilLJI ClL^^all j 

fa 

I AAuiJJ^Jl 1 alli^ajfl - i '--"'j .dAj j3j oJ.la-a jja. ^jii aJ ^IivLiAjljj £JJJ La LJLc. 
^jx Lai ^li aJ Ajil-al (j^aLaa.1 ^_ya <ilLm ■ " ll ;<j a (j^s Ail»ia AjjJi. I " 'I iLia-a • 

• (Nisins >— il kuujllj ^wjvl-i (^-ojJjjjj ^'ji^'i jL« J!>Li. ^ j> (■S^*- 2 

SlAjiu VI CjI.1j jjfLlliJI) CjL)_)£juJI (j-a 4 » 1 1 a a Ajjja. ' " ll ^ ■ • 
■ - 'I ^ ■ a 4 n>0 ^uaLa^J Jj-a AilLui ■ - it ;<j a J^a 4 a Ajjja. ' " ll iLjaa • 

cjLul£Lul jjjII Jla (ajjj^JI Polyketides ^"f-^ CiIaj^c 
•Polyenes ^LyjJ jJI j t Microlides cjl^l jjljLaJI j (Tetracyclines 

tAjjj^JI I - 'I iLwaia 4 Ita ft liLu-al Clll jLubait oAsfc ^3vIjj La LJlc. j 

4 ju(LJ (a sjku JfLi* (_>a t_albj ^1 c Glycopeptides^jj^JI V'. 1 ;.'^ 

AjjjaJI CjljLia <jt 4_alc 1.2.18 

Overview of p-lactam antibiotics 

diLujjfui jllibJI j Penicillins CjLukaujJI LaA j tc^LuSj aj Jljj V ^1 
tjA iuufa Vl j ^^ _ tks tiibLjaa jl .Cephalosporins 

(jV liiljj " ajJall Aiajui j±a 4 3J i a ■ " 'I il i a a (••^j " \.'JJ. ' "J^ a „'"'^ J 

Jjaj ^j| ja>VI Lj-i-a» ^ (j^-aJ j-S f'^>*^' -iaSS Jlia 1 g > j 

(jli tAj ij la all ai& (j-a . ^I^)i]l Ajjlui Ljjj^j (j- 0 sJ^a-a ^Ijjl I i <aJl 

jl ' Llla (Jill j Ljj-a ajji-VI (JLl^VI jJ_&ia!i]j Lj-iLaV jLuoj^l ^«lj I g "I laliuil 
' "'^ L>^ J c3^-^ JiJ^ ^"""-1 -is! .^ijl^ai] ^ i axil 4-iilxi]! 

(_J jill ^gi (3^.^-11 ^-jLtajSlI t_lC-!>ljll (_J^J ^^-llall J IkljLuVI ^ dlLij j^iui jjlLjuill j 
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jLlluiJJj jLjjjJa. jLilLaC. Cllx laHuil ^3 j .AjjJ^JI l—JuLiJa-o aogJ Aj j£-all Aai.hLi.dV I 
- >jjJJ.'"'J^ J >j-'V 'J'.^ L>° (JL^xiV /gfcl *'■ alt ^liiVI 

t _ 5 cLii-a ^Liij dllj CjV^Lui (_$JjJ (AIvLuiII jjjjoiaj g-al^J jJjiaJ • 

dll JlLjax (jxs jjLiLVI ^Liij LpL^jisI Ljjl£ a] J (Jill j-a (jAx-a 

j* SjjjS CjLl<£1 AiLOUl A^UajSlI CiLift^l (J Ajjlkall AjjjaJ 

. Ajjj^JI dll ^Ljax 

j-a li .-i (_g JIuim ^^ic AjjL^alsl j AjLxi A_l«jjjl (jj^^)^ 3 JdJ^ * 

^LlivU aijt!all jIjaII (j-a AjjC-j-all JJE. AjjjLaJI (Jjol^LuJI Ail jj (_L>I 
(-jUxJ^ll L_ ic!>LiU a-la-all AjjuLujVI oljill t5 ic Jj. \\ j 4ojjj£ dlLiiaSj 
AjftLkall JJU-all Jailuil j-a Aj-ajjjVI (jjjiall oi* V-llS all . (JjaiUI 
A i a> ait A al£ll f _)^aLajJ ( -kAjj^ o^-^ Clo&Lui ^LilLj (^-a j^Ls 

alll J^sL»_a j-a A^jUII < -iN . :~*a\\ jLa-a A^JLiuaJ 




.AilaJI AajIIi penam fliull Ajjj : 1 . 1 8 JiuJI 



Penicillins 



#21 2.2.18 



. Lbajj^i. A^Hj all AjjJiJI d ll-jLja-al ' al >ju£I (J jl joLbouiull ' al uSSI AxJ 
AlLaC jJ_jiaJ ^aJ iAjjllll AjILxII t-JjaJI -^"-JJ J^Li. L^a j- j i ' ■ lllall ol jLi-a j 
G jj\.' L "..'''J.'^ 'LaA j AjjJ^JI ' - 'I il i a a (j-a jOuiLuiVI jjSii all ^LiiV OJ-aij-a JAa^J 
j»Li£V — LilJ ajoiall j iAjjLjj AjSla AjilJ Vj G (jiLbaoilill liljLuU . V jj\.' L "..'''J.'^ J 
i—jljaiill (jj ■ " ll ;<j all Aj^jIjaJI AjlLxil! je (Jjj).ui.all jA «.^jaJI (j-a 

' LlL i_£Lli.l jc. aJjJjuiaII AjjjLaJI Aluiluill ^^ic. ja. _4a1I R At j-aa all 
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Pharmacokinetics ajj! jA\ qA jaJ j t^ljaJl jLjaJI jjiifcll 

V j (A-Lj ixaa SI Alnll ^ i a a ^juia J"^ ^ (jjoluia. G (j 



llluillllll t 



^ Sa«j lilli] tola-all Ajiiaj-aa. jijl JJ ^iaaJJ ^All (_3^^>ia (jc- ojUacj (j^-aJ 

(j£-aJ lillijj t4.li <aaait L_Sj^)Iall ClaJ CiAj V (jJjjauilJI . (j&sJI (Jj^Ia (jc 

.^all (jc- oj)lia£.l 




.AilaJI JLjSUS Cephem Au»fl ^ =2.18 Ji^il 

JL1C ^ J^-il £_ii^alll AjLaE. 4_}a.jJ j£<aJ AjL j£-La dl3 j ALa Clijl -jII 
^jla jc A alia a a JjlJ^Lj dllj ' "'^ '"V' J^- 3 4 V'm oil dAjjl^ll 

dlt-Laaj V J G jjllwilinll ;j-a <J£ ^iij • jJ-aaal! iaLuijI dlU j£-a ^ CllljJjlij 

c?JJ £ jiia J Phenylacetic acid J^l o^*^ Ul Ailjal jjjL <jc- s ji£. 
^LaSfl j ' j^ill <Aa& ^ ^Jtiill ^ t Phenoxyacetic acid lUJI l^**^ 

oi* (j^] .'ajj-a-aJI A2nj jJjjauin]! ^^—J tinll Asia. ^^Ic. lljlj <_sill 

SjlLaJ Jj-la. (illj^a Ajjj^iaxJI (_paLaa.VI (j-a (j J » f~t (Jla*» (j^ 6, J ' Ajjliall 
ajgiSjt lift (j-aj-ia 1-liaxJ j!i£l A_JjC.j-a AilLu) ■ " »1 ;<j a Jlliluil ^g-lc- AaaiaJI CjUjI^II 

Acylating aLI^I ciiLajji ajis ^ic. 11a j e-iSj*- i>° 

.AilLJI CiL£ja]I ^ ciilajLaJI si& J_»ja ^^Ic enzymes 



c 








3 




0 '• 

COOH 


o 

COOH 


0 

COOH 


G culi 1 njin 




(6-APA) 
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3 ala SI (JliiSI ^Uoj^I ^1 jail <J (jJjjouiull ^jjjLuVI <jj£*JI AjJUill ^Sj 

*j> aj ."Penam (»liu" sljj ^juAj ^1 jSJI 11a .1.18 l&uJI jjfall 

(j^aaa _jiLal — 6 ojjj^a ^^Ic AjjjoLjjVI oljill oi& ia.1 tjM.J^ 3 (J 4 " ' "'^ \.\.'' "..''J.' 

ULixuS l^iajjj 6- amino pencillanic acid (6-APA) .."".) i'.^ 

ojaJI jiLa^l <C jxia-a ^3 (1.18 L&ill R=) 

4_lll*i]| (j& ^a.) (jjiLoil (j^J iJjLa^s jaj t _ s ic . 6-APA oljill ^^Sc oJ_^a.j-a]l 
JSjjill (jJf 4 ^ 4llaJI ^Llill ^gjUxU^ll J jail ^gi Clllj jjfmjll i nU AjjJaJI 

iA£L<ui Aiijiajj ."Cephem si jj 1 . j*^ I^a <-sj*jj .2.18 

— 7 ojjj^a <LluiLui V I oljill oi* ia.lj ii.lj.la. CjUj j jfui jllilui ^ii ail 

7-aminodesacetoxy i^jjf^jlli^ j j Auiluu J o^-^ 

Sjjia. ajjjU. J^Xoij UjLia£ WJajjj Cephalonsporic acid (7-ADCA) 
.7-ADCAsl jill i j^JI >u-Vl ^Sjx (2.18 JLill R=) 

^jjLj s^jaA] AjjJaJI AJlxill _)&ja. - i aJ ^gjll ai& CjLaljflll I ■ gjl jLuoJj 

jjjkL 11a js j ."Pharmacophores ajjI aj^UJI J*l ja." 

j>l jiil AjjLajl j-a Ut i (IxjuiIj <Ui j] jjj 4_JLxi ' iJJa lAh*" ii.ll.la. '"'1 nLuOUJ 

Beta- jLoti£V — IjJJ CllLajjjl ^j&JJ 4-lJJjlll dlLajjjl .Ua <LajlL<s j t^l^>iJI 4_lAuij 

jl Jja <jj^>JI CjbLia-a ^Jaaj ^sll lactamases 

Uj£j aJ j t^Uill (J;iaJI ' "'^ '..'^ '"J (Jj! j' (j* jj\.'' jfi J*$'J 
AjJa LgJ V'itj 4_i]Ul2 1 i aJl I^Jal (_}j ^1 jill 4ja.j<a LjjjSj Axis 

Haemophilus jLt'il'm* II Ljjjj^j Jla tLuL 5-<^_all ^IjiJI <JLuo ^1 jjl 

JJIluJI j iEsherichia coli <AjjJ,)/I ZujIjOIIj ^influenzae 

.Proteus mirabilis <*jI Jl 
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OH 

ifS 










N 












o \ 






COOH 




COOH 







6- -I l^j i -I _a& A-uLlajS SI AjLmlSIj jj-aiall ^tii-a tlW (J^-a^J 

(J^l (j-a Lajjj i 4 * j i a ail A_iui dll jAljaulull ia£3 (J^ *.iLa£ APA 

<_£>Lk <> tSlljj iCjliijjj^ jlUjnifl aK.UI 7-ADCA si jjU ^ jl jSJ ^tayi 
Ajjailiui si jjll "Penam ^UjJV' 2su\i ^^Laa, si jj j-a ajjUoj^I cAIlaJI ^ jj 
Ail^j <f*$ .(2.18 j 1.18 ojK^I JcVl J jlisl) "Cepem ^ AikJ! 

.CLilUillj ^liill (jjiiaJI (j-o jj ■ b jje. Jc Jj' ^" St Jj 



Cephalosporins 



cjLLjj^jiLi^JI 3.2.18 



AjjjaJI lliJ dlljUiaa) ^jluil j J jj; i a jil °j i all ' kl^a i jal 

(jjl£]l Safe I oiij . LiSUajj tLljjJjjai Sjjjja. J jJjLa-aSI oLlo AAlt^IU 

(_>aia. (j-o J.A^ ^ J 4 - li.uL.ul ' '*' >-aj ■ " ll all oaA 

^ru^ijl a*j Lojs 4gjn^i jjc-1 jS3 j i Cephlosporium £1 jjVi ajJ j 
4^\3SV-tijj Ac >ai-a j-a «.Lall jUa-s <jL£j-a <-(Acremonium chrysogenum 
C jjjjfuijSlkuj jlS j^Vl j tpenicillinN Njjlj^nnjSI jl£ 
JaAj AJUi Lpt ^ A i uuJ a AJUi ^aljll J L^jI jSj (Cephalosporin C 

AjjJ^JI ■ " ^ M i ta a j-a JJJ^ ■ flii a I SI j) . j»l jiSI Ajjluij ^1 jiSI AjjLaJ CllLul£ 

A-Ut-lii alj A_lii ililijjjju.i jIUh.i ^lli eaJ j'lK aj ^cji — Ijjj dluL kitj (JjLtlaSI 
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U-N lull 

AjcLu^a dlV^Lui (jjluiaj g-^.JJ 



aJIc jjSI jj giz Cephalosporium ? jjjj^jIUjJI 



COOH O 



COOH O 

COOH Jl 



o 



COOH 



if 

tdjjjjl - _jiLaVI (_paxaJ A-ujl a II AIuAjjJI (ja Lloj^jI -1i«YI Ac j"^ a • 

Glutaryl uujf" 1 JjJj j^' J j-^N Amino-adipic acid 
J Jj^Vl Ac. All J J) Uiu ^jjaaj ^11 ^cephalosporins 

7-aminocephalosporic acid (7- <4uj^ jI^h o^**- <J& 

AC A). 

I JJJ-a lilljj ijjjjfui jlliiui Aila. Jl 1 Jjl J aj£ ^ Asia, jj • 

_J| Jc J ji^ll Sulfoxide intermediate -1=^ jll -ijlu^ jsL: 
(Acylation J^l Ac j^a-a AiL^al) aLLJ j*j La <J <>alij . 7-ADAC 

A*i> a alt 4_ui ' "'^ ^ Axilall 4sj^)lall ^uiiii L_l£j^JI liA 



H,N. 




Y 



COOH 



(7-ACA) " 



H 2 N ^ s 

COOH 

^jxl j j j — jIij -7 

(7-ADAC) 



1 gjjllxsl A-aLnJI till jjLall (JjiLjoI Jc (JLia.1 dlLujjfui jlliluJI ' fti* aO 



a-lia. AjILxS Cjli (_La\ jc (JjVI (J^?-^ I'll ij^j±m jlliiui - ■ '■"■"« .^jjl^>ail a J ■ '— ail 

<jj ji'ir t! Oil jy£Jlj (S. Aureus cjLjj&Jh 4jA»J bj/'^.' 
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Streptococcus <j-^J( j ' A ax- <> Streptococci 
Ul •flj*^ aJLu CjLuI£ i^a a Kjini aJUI ^J! AiLjaYL (.{pneumonia 

AJlki AjlUi lillLaji ^IjII Jj^JI Lujjfui jllliui 
(.Haemophilus influenzae itoliLil// <=^j ^IjxJ! ajjLi Cjluaj^J 

Moraxella aL^SI jjJI j iNeisseria meningitidis <pUUl yj^uillj 
AJa AjlUi Jal La JSJii ^ cLiiLjl) JjaJI cjLijjjfui jllkui j . (catarrhalis 



£lJLa (> uiliual 4.2.18 

Other beta-lactam classes 

' al ■ : "'' < -l <JjJaLall <iu ^jj i a aa SI JjUajll AjljjoIj ^lijc. Cjjla 

:aU^I 4 Ula 4jL,.:i±ij\\ tiij ( 'll J i _ja. J^xuJ 4 _ s j1I jjIIj .4_»JajAa]! 



ffa 

<^~ N l j o o o 



(penams (penicillins)) (penems) (clavams) 



(cephams) (oU^jj^aIlii<JI) 

(cephems (cephalosporins)) 



o 

(monobactams) 



(carbapenems) 



(0=3QaUi»»Jj4jVl 

(oxacephams) 
(C=X) OLuflo^bgliSI 

(carbacephems) 
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P-lactamase inhibitors p-lactamase jUUSV-lIu ijUsjI* 5.2.18 

ILLu ci±jl£ ^gjll Ijjjj^JI (Jjs jLati£V — linSI cisLajjjl 1 ^ c"'-'^ ** 

alj£V — lllJI <ala. ajJa^Jj jLal!i£V — lllJ dlLajjjl a j&j .'^ Ajuibuaa> 

Ajla SI jl.1^ tllLajjjl Jj^aJ jl <_Jj3 (j,.'b ^) CS J^^' alj£V~ lilJ ^Lia-a 

o^A (JaJ duujl ^gj]! CjLisjjI jIuiVI cS-^j L>° J •(J^*- a J^. AiaiaJ La-a S< „ A\ 
— lllJ ClLajjjl (Jai JaJJJ ^gjll lillj ^^ic L_S^>xj]l j CjL£^a]l aLjC- tlul£ <S£J1a]I 

|j$] Jlii Clavulanic acid liL^j^^ o^ 3 ^ m^j- 0 ^-sj*^I 

_jAj t^jjuiill al laJi i uu<\ 1 (j«l t_l£j-all li* (jl jjij JiaS ' laa SI j"^ 

^jU^ll ajoiVI CA2lJ Amoxicillin c Jj\j>m«J>>i < S j*Vl l^a-ila a.Wlmj 



^ AiSiLx, ^| ji| ^^ui (jjojUc-jVl *. Winn .Augmentin™ j£jl»e jVI 

'(jWI dLL-al j '(^jJjJI 4-iLgjSVIj tt_JjjaJI t_il$jSI J!i-a AjjjjIIJI CjIAjl^VI 
f.(_J_^aJI Ajjj j-a laJ La£j ll=> SI j Aj1_jj1I [C jl all CjIjL^Ij tdllli ojSI I ■ '1 frUSI j 

i | W A^-lJjal 4_&1^_II ^Lljljj ^p-v t^Sjj a 1 ^ J* a i ^ i^lij^ ^pA^ l ^ \ i ^ 

^^lx]| -I laliuiV (jjj^lall ^^^.^jtSI ^c-o^SI I^A i$-a Sij . jjjjouinll ^ oJ_a^j-a]l 
' ** » ''JJJ.' ■ "J" °J ' 11 " (j-a JJJ^SI (jl aLaJA^yU Jjii-aSI (j-«J .'i.Ha-a]l _all (_£JS £t-a.lLa]l 

ClsLajjjl <^*j) jLaljSV' _ lllJI ClsLajjjl (Jj3 (j^i liSSiolS 4jJajc. Liajl ^^A 

jd\ (Cephalosporinase jlijjjfujjSliiuiSI j Pinicillinase jlijSjunmSI 

I - ll iaj a jj_alaj jVI ^^Ja* aJJ ai j£] " "'I 'JJJ. 1 ' "J^ SAuJj jlLa]l '"'I jjl£j| 1 g aJiSu 

Ajjj^JI CjljLiaSI j-a ' al> aSI Iaa J^*^ cJ^I 'JJJ. '"J^ °J' 

Ajjj^JI AjliHl jLaic aLal La.jjLa ^ laaSI l_lU ' (' "'^ "JJ. 1 

,4jjjiJ| dljLia-a o^A jmC <SUaj ^ic JjSlubaSI 
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Tetracyclines 



^LLKjU JSSi 6.2.18 



^^1x5 4-tuilia Igil La£ tal^^xll "iilLuJIj tAjj-uSjll OLL^aVI (j-a JjAxJ) 

'Chlamydial AjJi'jiJIj tReckettisial infecions AWLSjjSt CjU^jIVI 

l$£&Lal Ijkj j .Ajjlaall CjLlL^aVI (J^J 'Mycoplasmal^! jjlaiaJI j 

^ixlllall jj» a all ^oJj iAjllxill (jx ' *«jU\t |i& 

J£.uU .Sjla. 4j_ax* <J-iJ" tllUjlajJal ^llj La Lille, j Micobiota plst-aV 

cjUl^iWI t> JS1 tOxytetracyclin jjlSLJ j2 

I .UjLui Cjbill 4jLSj (c^ L-aj' a-lkluil L£ ._j<ajll JJ&aJj 

i'^-s jSjj il o^a^JI ^!>Lx! ' " l) il i a a (j-a <C_axta^a]l oi& d^jji! 

4JLuu> s-u^j . Helicobacter pylori LjjI&j -i^a 4-JLxa LgjV tS^xJI 

oLajLj lil^jiJ lilLiA Ja3 (jLoijV dlL (_g.il AjjJ^JI ■ " ll il ■ <a a 4-ajlLa J_aiaJ 

(J£.ij'ijj idiLull cAjljj^ll j-aj jjiaa] CjljjKjLail jliil! -I i^lluil jL^ial 



R2 B 3 y(CH 3 ) 2 




CONH 



OH O 
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R3 R2 Rl R i-^a 



H 


OH 


CH 3 


CI 


Chlorotetracycline 


OH 


OH 


CH 3 


H 


Oxytetracycline 


H 


OH 


CH 3 


H 


(jjlSjLJ j±j 

1 etracycline 


OH 


H 


CH 3 


H 


Doxycycline 


H 


H 


H 


N(CH 3 ) 2 


iLul^aJ La 

Minocycline 



-lAjfLlI l1iI.1i.1x1 ^_a±sJI ^ . ,-Till jLluxi JJO lIiLuKjLjjI jLull clA JSJijj 

j-Laj ^1 t jjKll S jj ^ jJliJ jjjjjjKII .polyketide 

. jjLailill Jajjj Jjl^ll Lllljjjl AiUiaU A^jaII jJa^jII (jjj^la jc- I SjLjj 
jc lilljj od^j jjKjLvul jlill ^L^jl Lj-^ J-° (Jj-^J u' (j^* 0 ^ CjLijI£]I ^^jj j) 

(jjl£jLutiui£j^]l (j-a (_J£ ily^ cs^ 'SjjJSlI (jc- (Jj3-'-"-^^ jy^' <—ii^ iSij^ 

jl tjjjKjLujI <jjLloj£ l1l/Lj.1xj A L i "I _jj jj^jl ■ ajjjxll j 

Macrolides oIjjV jjSUJI 7.2.18 

(JSjuajj t_g&J <LaLjJI AjjJ^J! I " 'I il ■ a a j* l£^>^ '*- £ - J*?' " till AjV jj£Lal! 

jlui AiLjajj Polyketides -ijL^l! cjl.ii.ixl ^ jjsJI ajll jL^ J!iU. <j* 

v_jc.t5lall 1.1a. Act _alxa AjjjaJI i - 'I si i a a ^j-o Ac j"^ all aiA .^jlc jjc) ^Luiuil 

*LLxll 

^J'' aJ jc aJj^^caII 1 " & jja II dllc j"-^ aj LuSjxa j ) 1 1n") 4 Sauil jj3 l^k ^o-a Lai tLaJ^S 
Clll V^t a jjx £c-iia jA La JvLk. j-a ^ j;^ll lfrxji> aJ -J^*''*' 4 J -IiIjSII Clll .11.1c 
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Cllik. (jLniVI <J -I iaJlmVI SjuLill CjIjjV jjSLall lilllaJ .CjLajjjYI S^itLo 

AJa <St*i ^Aj .<jjJj£ 16 jl '14 ji ill Cy> Ail>a 4_aawJa LaCtOIl 

. Legionell ^M^b Mycoplasma SjjLU! L> ^ ^ aj^jx IjjjjSj 

' all 4-iuiLuVI AjjJsJI i - 'I J i a aJ a^iU\l AjJUill jij*^ (jVI pJ J 

^Erythromycin j^lajjijj)/! Jia i<iil.j/if jjSlail 

Azithromycin u^J-a jjpjjVl j 4 Clarithromycin j^- 0 jjyj^ll j 
St jj t5 k. g^V 0 ^ Jj-^j (jjj^ 3 u- 0 '(Zithromax o^jjyj) 

djlij AjlUi J&7I CjI-IiV AiLjaU jJJouLa jJJJjVI j2k JSjjU ^jjl! Jjtf jj£Lall 

ojj t _ g ic jliS * Jja>.jJ jjAijj sjj 14 ' aJ llASla Clllj CjIjjV jj£Lal 

•Telithromycin j^LjjjJjII Igliaj 4(3 ^ajxll ^ JjjjSII 





tSji 16 t>> 4il>a 4ik. jj jjV jj^Lo j* Tylosin (jj^jliill 

.IxJ (j^a^o AjLi.VI j»JJ j»l '^jj^ ' .'"'^ *S^J (e^ ' **v * ^ "J 

■ llmj (jLuiivU 4juia^a<a]! j till .li] j j£Lall 4-ajlLall CjV^-"JI (jj^i- 0 (j^ 

■ikloU Cslllji. ^jui.all ±$ jj£Lall lift J 

I LJ , uai. vail CjlAjV o £Lai5 2 »UI 4^ 
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Aminoglycosides 4a«««VI £i\±jjjS£kal\ 8.2.18 

.1927 j»LJl Lt' V".'*' j^f^l (Fleming) •/-y^ liLSsSl l^iLii£l 
jl j Jaxuljl (jjj La ajjjII <_> Cjl ■ alaJljudxS aLjc. ^Ujj (Waksman) (jLuoiSlj 
jAj s Streptomycin ijj^u*j±uJi*A\ i LSSSlj t ( _ S jjaLa]l jjaJI <j< cjliiiiDliill 

(<Lulc. J^) Jjl ■ al jfL_u Cjtl) ja. Jj-a <Ljj_La]l 11 I " 'I jLja<a j-a Alii. I '»*« ■ a 

a ll ■ ajttll AjlLxill (j-a LujjIj lilla LjJj^llLal (jja aC.^)]ljj . _jjaxj]l Lj ■ '-—»;; 4 kjSj a 

jjc. Lpl <* L5a Cy&i j"? (_gj.aL.uVl JjjLJI (jla 4al^)*Jl AjAui aijl^aJ 

ciillj ___.il AiLiaVL . (jSaJI ijjj^a (jc- lAjliacj ' ■ '7-JJ 'ail! (JJ^a (jC- Ljja. AjvU* 
AjjjS tlllc.^);^. Ait 4 jni^r. CjIjjjIj JJ^-la _ya 1 3J ■ '- Lvailc. iLl.j ' " ^ .'^ J L?-^ 
'ijjS ___Jjj». ' 111 CiilS illlA (jja aC-^)H-Jj .4_ia.il*ll <Lc^)aJ) _jja 

jjjj ^_£_9 e jjjl oil 1 »"n'i; I ■ IfuUj .<La jlLall ClAjjl£ll '1. >i ^TvUJI __gi _^C>li.J U-s jL\ 
AjjjaJI 1 " 'I jl 1 '— "1 Ajtli aja JliLjil _rljjl aJ 4j| ^a jjjajillll Jjj^ia _jc l^j^aa. 

(jjll 1jj/'<;1I __£ J Ajjsj jjVI <La jllall CjLJI (_jJi3ll JaJ _jja Ajl^aVI 

(IjSUj . ClAjJ jjiJ! sAA _jja AjjSjjJI «.lja.Vl o^)iuiS jl jiLaVI lUllc ._jja a ^J^*^l 

aij ill (Amikacn) j.:^*-,:^ <_« n axil ajjj Jfi>*«fl t_j£j-aIL aILuiaII dOL 

.(B Kanamicin) B .j^Lsl&ll _> <ulc. J j^sJ 
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CH,NH, 
HO— . o 



H '1 



° 0/ ' ^NH, 
NH 2 



CH,NH 2 

.0P~7~~~I-O CO CHOH 

o 



CH 2 OH 
HO O 

NH 

H,C O 



• o - CHOH 

HtA-^rOH 



NHj 
OH 



nh 



HiJ 



OH mi 



. ^ 1 a jffi mi l 



Glycopeptides 



cjIjj^JI 9.2.18 



tAj^jiaC. j ^4_^.j!iLa (_Ljl/Lui dllj^ 4_i.jjLa Ajibal (_paLa^l jaila 

- ■ aJ •cJ J ^ 3 ^' 'SiJ^^ ■ " ll 3U-<aa ^ laauj AjJJ al lIAj^jSjjJ ^Lial JlAiLoil 

_s& Ig-aAl (jli t C— il j£ ya]| (J^a dstla 0.1c. <ftj^a alt oi& 

Jai. Ciljimll c±il£ Ajjjia sjii .(Vancomycin) u^^- 0 j^j^l 

^3 5 ^ laJ] ■ .. all AjjUI CllAlluB CjUt jJaJI ^ -1 lalmVl (_J.il tCjIj/tf jjSLall j 

4-ajlLall tiiljjl£JI (jL aliLaVI t(Apoarcine) jj^jlajj^lS t^LuiVl 

iAmycolotopis orientalis ctaL-VaJI oi$J (_sjL>iil 




OH OH 
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Strep togramins tiikal jcjjjjjIuJ 10.2.18 

g-a^ aLj^. (Synercid™ ^ ^XJI <J slk^l SjU 

. Bj A LaA j iCjlilal JC. jJJjJjoJI LaLaJ (jjalii^a (jinij (jl^llaJ (jjl^^a 

jjjA t> J£ -ts^ (Depsipeptide) ^innu.ip _*a B jt j^j^Ji j 

Lo^jli Lt-a \ nft t Aj& (j^J tLjjn^iH j^aj j-a JLaJ! A u ^il IjSjila (jjjL^al! 

Enterococcus hj**JI SjjZJI '^Lolkj tJjill 4jjL?J Ijjjj^I -i^ Jt*i j 

iu4i// h^jajJIj t(Vancomycin) jA-oulajislill ^ajliaJt faecium 
jl JkL j .(Methicillin) ^Wl)^ Vj^' Staphylococcus aureus 

.CjUIjjsJ i_slc <J (Virginaycine) j^Laiia. j^all 





New Lipopeptides 



<c j^a) a*jIj3I ajjj^JI ciiblijaa aJ (daptomycin) (j^^- 0 



727 



u jW'J^ CjVXoJI l^ja Lu) Staphylococcus aureus 

Sjj£JI cjVXojj Steptococcus pyogenes &JiuJJ ^S^Jlj (methicillin 
.(Vancomycin) jj^lajijlal] ^L^l Enterococcus faecalis iij*-JI 

(j^i ' LL^a]l liA jljal (jj -^UJ^ L&J^ 3 CP- L^Ji^' ^ ■ a all I^A Sa«J 

^-al^J C±jl£ dl3 j ^ ij la all 1 gJjllai ' Llia ■ ■ Ifmj lillij ((Jj^VI ^ ,^Ol»J! 
(jS-aJ t ' " d .'^J a j j Ajllai ' Llla till j ^Jj^ till jLia-o L_SJ^>*JJ <i <L^>i]l 

C5.J^ '(ly j " u ^- a J^j'^l f J "f^ (ifcO^ 3 O 4 " yj ^"*"' 4 ^?^ c - (.Wj*^ l&jJ_jiaJ 
l^alAiluil AjjlS^al Aj^aJil 4_iiA.l]| Cjljjlinll (ja ' aina (j-a (_SjaJ ^Ijil 4_uilj.l (jVI 

(—alljj .(_£jjj£j]I »LumlSI ' fljl la j (j-a oJA*ILa jLi (Jla. LuiLuil AjjJ^J! 

A-p-laVI Ajlgjll .lie. iaijjj £jL2i ^'^ \T' ^-Jj^-^ ' " 'I ^ ' '•** * ^ji^ 

.4£.jHa 4_liA.} (J^l (JjuIvLuiJ 

(_5 jii AjJjjjj Ajjj^ Ci\ Jbia >j £)J«uil jlfuiLJI 12.2.18 

Bacitracin and other peptide antibiotics 

cistaLia-a (j-a ■ ki. ^ Tyrocidins Cilb-iiujjjii]! j jj^ ^ 

4_La JJ^a. ' " 'I il i a aS ^g-i.iUJJ cJ^»-^ * ^ "*''*'' ""' CS"^ ' tlilj "Sjj^^' 

oiij i " *a .'i'.-^l j .ovLcl i_a j^a j-a]l JjJj^ijLjjIjaIIj AlLa-a 'UiAAll lIi! li'inU 
JJC. 1 ^ »J<i-n (_A j Aj_4ia. dll JuJax jjfr Cla-JI (J^a Sj^a Aia.j<a Afcj^aa aJl 

^3 Allxu AjjIjJ Aj£j^.j (jLol CllL^al _j-a iilli-aJ j .BadlluS £ jj (>a Ljjjj^j 
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at* t _ s ^.ilc (jliaj o jLa. ^ ^a!LaJ 1 g tail! (JJ^ia (jE- boiiJ (JLs. 

(j-a aC.^)]lj ilgi 4jjjj£j <LajlLa e jjoU ^^Ic 1.1a. (JJJ i <a (Jjllil (jj jj tLjjJJ^jl] 

. Ja j ii jjc. j jll 1 g al > ill 

Bacteriocins cjLL«ijjjj£Jt 13.2.18 

jA <■ a't.^ti I^A JiLa j . aiil __>aJl a^LiJaa 4 L 4_i]Lxi lillLaJj Lixi Jjj^- ^cljj ^jll 

La dj^j^atJ - ■ ^Jj tU-ajjjJJj ^cJJJ J-'* » «a (jij JJ.'/ lUlU jAj .Nisin (jJxujj]! 
Aj^liid JJC. (jiaLaa.1 (JlioY (Jl 7- all ^JJJ 4<Aa.jj]l 

/cjliikoLmll (jc t allkj j$i lillijj .aj!& (Lanthionines diL^jj jii£Ut) 
■ - 'i 1 «a a <j-a tyrocidin dy-^" 1 j j/ 1 ^/ >j 1 " jj j.." 1 ^ . ^ 1 Cp-j <— '^jj-jf" 1 j 

jAj .4 i\t <i\I jLiaaJI (j^aauj ojiaia]l eluik]! j t(jL±a.V JaAa. (j-a £ju>Ij 

. (Generally Recognised as Safe-GRAS) ale JLSu UpuL 
Polyenes t^fataA 14.2.18 

ajjjsJI (Polyketide) .iAjSJI cjl-ipc dibLjax ^ <_$jaj <c iilU* 

Y.iJ CjLjIaal] iLjaa ^jA*£ ^^joUJj (JSjjjJ a laluij (^*J '*J^^ ■ lul_ajll ^^Jo j 

■^jc- Sterol Jj j/' ' <jjic.l (3_>°^ es^ 2 ^'ji*'^.'^ 1 " ^ ^ 1 ' a ^ Ja-^,-u„i 
jS3 d^a. aL« LaA^j .(Nystatin) ^tLayjll j (Amphotericin B) 

A lah a J-al j*j ^!)LaJI ci 1 ^} LaAic. J) 1 ? laluiJ La Lilt B (jJjoLJ JJjiaV I 

(jc B (jjjjjjjjLaVI <^=«j u' Azoles ciVjjVI <J1« ' j j^ll 
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t^lx. J^jj 'ijj*^ o^j*-* ^^jj^ j'j^j u-* 1 (Liposomes aj-gjjoj ^jJ) 

Jlifl 




O^jflj^jjiil 15.2.18 
Griseofulvin 

ajLLc] (jjl Jlii t*U JaJb V .1939 ^Ul ^ Penicillium 

(Keratin) jiSl jj£1I L£Ia <J j s-^Jyj i3^j^ 

Jjjj . Dermatophytes aj-^I jjLall ^ ( _ s ^jjj <_£A? Jl*s j$i tAiJUl 
(Micro tubular a^Vi ajiJI ^ Ji.jalt (jjjia c^jlaAll jLiaJI Iaa> 
tiiili j*j . jpl£jJI ^ 5jjlaall U!)LaJI (jlxijj V tliia-j AjkJI aluiSjV structures) 

(jjaljj j;LuLl_)iJI .(Jjlstll ^^cLIa]! jl^aJI 4 iajailjJ ^jL-aVI U al^lil ai) 

(j* jiuill (j-a .1.1*] Sjjlasll jlaJI O^J^ ^ JjVI (-clilll SaaJt eljJ 

J jjlij^l jjVI (J^- 0 aJ (JjI.1j j 4jjai£e jliil Cjj^ 

.bj^a cAj aJ-ilU jli i(Terbinafine) jjaliujiill j (Itraconazole) 
Bacteriophages d\!n\jd\ 16.2.18 

^Xxl - IklLuit .13 ■ tli all liA (jl Vj tt-JuLua i,,)^ Ij "I l^lmt (jl j»C-J 

^jA.iLxJI a, jfrialt a ° all li* jjj .JjjluJ ( _ s lll2jjaill jLaJiV! ^gi Aj^La. ijjluijYI 

.LjJJ^JI 4_ajlla]| CllV^Lull Alljia sjlik-Lj (jVI slilj^l (CjLjUJI 

1 g i£ i j cL)jjj£J! AijSJ dlViLuiJ a 1 ^ a pi _jjLj (j^aj^aiil! oAlAjai CjLoijjjall sAA 

Ij^-i. -gi jjI£jj ^yfcj .Ljjjj^jII 1 i aj *Ual ^jjiull (JjtxH e llaa alt (JSjudj 
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£LJJJ Igjl j^ 3 - cs^J ^ & W^" Jjj^jja (jC IgJjS Jl Ajlg-JI J iS^ji J axil LjJJ^J! 
hailc. l^al-laioil jl VJ iA-ljJaJI i il J . •-- * ^liiij La£ JJ""*-"'^ La.j] ^ U, „l j j 

lilli] i^-ijn^ ill 4_T>LJI ^jOuia (j aj aaall sJjAui tlAjjUrJI jl . .laj J-i-aJ 

j^s 'Vjl : Liable. 4jta.L) (IjI-jjItJI jj^ CS"^" LaA.lla*jl 1 . jLtil cJ 1 ■■' ' * 
JAjjii^jll CjY^-uiII -^-^-j (J^-l j-* '^JJ^J ^J"" ^jLJI _^J^ LSJJJ*^' 

jj^A jjj . J 4 - I j3 jjx aJ^LuJI liljjl jUI (_>u J J-jall (j jSj jl I ■ laj ( Llilj j 

CjIjjjIj]! Lai I aj lall Ajuji\j AjjjaJI I " 'I jl ■ a a jSjJ j)^ ^>j£l 1-j.laj (J-*- 4 ^ dy^J^' 
(^a (Jl jj (_gl) <LaxLl] LllLuijjjall oiA (_^a^)xJJ I " Ua i^^VI ^ "I ' "V ^,'.'*'^ 3 M 

j alajll (jj^J lillil . Jjlxll (JaJj IgL ajill CjIjj£1I (JjS (j^ I j ajjaaJ j 1 frLaxL (J>la. 
(Jj2 (j* Ajcllall 4 jl aljaiYt a« 4 lilLiA jj^ (jl j£^>-a]l jj-a . Lujjoi - 1 "-^ SI J Ljj-a 
JJC. IgiL) j^JJ CjLuijjjiall si* ' <* IS uj a (jj^J Ig^sl-laliuil Sjltl (jli lillil ( JjLuJI 

' l3J^>^ ^ajljll ja^ll j)fl*J dlVla. LuuJaj^s ClLa 3aOj.ul .12 j . jLui£)U <LaLui 

(J \Saxjls (jl 1 g jS aj ' - Ua t<clj^]| JLa-a J jA LgJ j!i£l _aa.jxll *l jaajjiYI jl jAjjj 
Ail&ill «.LalxS Li Wt ■ oil I^A .jxjl] CjjjjutS - ^ c _ s j1I 5_i jj^JI I " 'I jl ■ a a 

jAla. l^ia ^-ulj jjLUj ^llij'V AAi^>Ja (JjJail ^Lajj ' lua jjx Aj&l *«■ all AjjjaJI 

Ljjl ■ ajlt Jjjliialil Jj13 i J-aj j ( _a^l*ll -t ^'"^1 

Strain improvement Aj^Luill &juu*Z 3.18 

Clll^Lua-a ^LuJ ^3 A^ljjll Ajj^JI <jtajl AjjoiLuI CjllniaJ (ilLiA 

J4ij]La JJC.J oAj^a. ^JJ^ 3 - ' " ll ibJax ^LiiV ■ " ^ lla (JLi.jl • 

jjjfL jl ^jJaJI ^jli adll till jLuixi (JLa-a o^jl j!Lall Ai^x^all j ^JJJ 
^jiaJ Up) La£ iA^liJI CjUj1£11 ^jiiaJI (— IC^I (J <jj!>la& j!i£l 4jjlla lilliA 
<l!Lal Ja.1 (jx Laj A <*\"^ g CjUjI£ j)-a jJaJI ^j' 1 ' alll dll jLui* oJjAi. AjjlLa 

f.Uj ^-1 jliaV jl (j^-a-a jJ3 Aaul Jl Ai j^>»-a Ajjja. t— ll jl i axJ 4ja.l!ijVI AjLaaJI 
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.oJj^i. jl A luia a (jj£j (J) l)""'^ aJI (j^s .-il_a<a Cllli 4 la g o dlllj^a. 

Conventional strain improvement ^jJiiil AfiLJI £a«>*j 1.3.18 

(((jjjluill La) 4_lJJjaJj *— lli La) ^ oVX-JI 

Clll^Lja-a] (jlua-all CjLuI£]I pLlljl j Clljila <Jjl.la.] t^ljb (jc (cl 

ilj jJaJI ^J'' aSll ^ 1 gjiil La .la. 
La t— ua Aj&Lu-a 4_}a.tljj Ajjj ^ si& *— 'LjjS.i.il<i ^gic slajVI • 

H ■ La CjIjj1.,>l<i ^gJj ^ti£U jljjjl L^J2 

4 - ala a jl Jjiia (JSjoU Laj tl.18 (Jj-laJI ^ <a.jia]l tAYK AcjILa 

^1 i ■ all (Jj£joU (_paliajl£ t(_£^)aJ jJjLt-a (jjoLuil (_^lc-j 



1 1 


:1.18 JjiaJI 








4ajU jaiil Jal j«JI 


Laic- AjtjJul 








-N-methyl-N (JjajjI jc. jjjj^-N-jj^-N'-Jii^-N 




nitro-N-nitroso guanidine 
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jj^, alallil aJJj .^1 _aJ^/l ^liijj j-aj]l ^^le t * )| , ^| j^l] ^ajj IajLjI^I 

lis j U jliii.1 ^1) 4jj jill >JI 

a£a 11 ^-iii <AulLLa Jjiaj J 4±J jC. jjl ^>Ia jj^Lij I ■ lHaffi La£ (4jj1Lui]I i " lli i ^il j^ll 
^>j£l ijUoj ^gJc l&jLikl Ajolla (J^l (j-a ajlla alt CjV^-uJI ^gJc- J^'J 
/jjljJI Jj^all jiajl) ^^"V ^jlaC d „i4.*,„ JaLujVI CllljjS-a J iklul jj 

£i.l^}]l (jja gUll (Jj^la (jc 4j_jC.^a ( " ll q * r-il ^a Clll.la.1 (j£-a>ill i^ya ' \ ■ tajl .(jjoiE. 

.Ja _4±i. (j-a V-ll lua (_J£joi t _ s -lc j-ajj ^ jl j-a • 
.4j_ajUill llll all ^j-o (j^aliall j • 

Genetic engineering AjjI jjJI 4^^! 2.3.18 

Alullul JS^/I CS^" J 'W^ ^T - "' 1 "" f^'^)^ <Lullul (J^Li (j-a (illj j AjjJiJI 

£-aj . -LijJiJI lllljLja a] £-ii^all! JjC <SjJjuiaSI ' " ll ila SI "f"') "" 

dlULJaiO j-a 4 ilia a Clj^LlLseJ ^ jj^JI ^jli adll dll lla j-a j n^ll jl I 81 uii£l 
aJajd Lgjl j tl^J 4 aalall Cllljjl^]! ^dlLa yaj j£) dll-Ui 1> ^ic «^"^'* 2_]_a±aJI 

ij in"."' ^i) JjL ^2 t> g m (J$*£>4 '"'^ \;^^ t_ic.^tlll jl 1 -v . v-1 j diU Jiaa (Ajjjoi 

^^Jc ^jA^ajJ liA (^ilajjj .sJjAa. Ajj^ ' " ll il-iJax cs^i ^^ a V^ 

(Dehydration) *L»1I ^ jjj (Oxidation) e^Vl i^j&itill jLaJI 

^S^L^. ^_ya (iBi j 4dlljJ^aJI tsl$l ij ^_;''| aoll AjLaC *.ljjl LiaJjJj aJJ t _gj]l 
22c J-oxj j . ^ JJ^JI ^lluadll Cllllluil£ jaj'vLa (J^uU 1 gjfll ■ iaj jl ' - )1 lla SI ' ala 
dlljJJ^ jl eAjAi. 4_i jj^> I - 'I iljJaa ^tli) ' ° SI ^jji^j] iaUllj CL)l£jjoi]! j-a 
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1 J) Jjj-ajll IgjS alll 4_l»i L-lfriljll J^li (j£-aJ ' J tAAuiLuil 

CllV^-uJI 1 " \\ \i j > si Jc j\ (c*f* "I ' " ^ 'J? " Aic-Liaxu 

.Xual 2 , aikiall 4jaAjjV! illli 

Aluilui (jc. a jj.ud.all <fLoVlj Jjjfojui all J jLailLoiU .laj jjia. jA 4aVi-i, a 

j! op. t aLjjjuj (Anthracycline) jJlilJ jjjSn CjI^L^ 

(_J£joij ojjla Aj-ajj^i. <E>Lui jj^*j -^JiJ*^ 1 . '* 1 °j <jll 

I^A (jl I - U3 J '(j-O (Ju-^S-all (JjjI£]I ' LJ.-JJ. ' "J^ i^J' 1 "*"' CS^" J >"^ 0 

(jc- G jl V (jJjjJJ_»Ilajjaill£ tAj_4iia*JI CAjjAaIIj 4 ■ aluil (j^-aJ (Jj jjfuijlaAuill 

Phenyl acetic (J^l Jill o^**- Ji j^UaJ <°L^\ (jjjL 

sljj JJ (Phenoxy acetic acid) ^^jiiall Jill <_>a-aa. J acid 

^jj^JI ^jjj^alill jLui-a ,j JiJj Jill A a a 11 all ClsLajjjVI -I laljml 1 jjJJ.'' 'J^ ajjuul 
( jUjc-VIj jJ.laJI ^ a II ( ja f£.j\\jj <j| Vj • C ;j,'JJ.'"'J^ SAuul j V (jjliioiinl] 
Jl Jj^ajlll jA ^ I j-a (j-a V <_S^1I ji^l ^.laall j tlxJ _>?-y fl (j]^ 

(j^iaJ ^jta jLa j-a i jilall (Expendase) jl.ijUui£yi ^jjl JlijJ (jc Jj^j 
Liajl -ijaAuj La* t^jj\)uni;\l jLa Jkb Cephalosporium ^IjjVI CjI^Jj 

Production process £^Y' cjUl«c 4.18 

J£ CllljaJj 03 j (CjULaxll j^a JU^xil 5_i jj^JI i - ll J i a al oil ^lljVl - ■ aJ 

£ja CjLliljjiAiJI j CllUilxJjVI jei ^tijiU J$-1a Cj3 j ^ia sAaita ClljlS L^ia Ajlat 
LiaUl ^ ^V'un'i (A11jl3 j I -J j ■ jl a ll i Aia _ali iu oij dlUJ aC. ^ , >iLa]l j jill 

I - 'I iLjaa si* ^j-a pUaxll a^Li^l Jj^al jlall ' ■ lllall i jc Aa.jj]l I jjj 3j .o^A 
nJll! jjga SI (ja JJc (j^i ^liiVI AjlaC. i_alljj .^liiVl ■ alS a J j 
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<LL^UI A 7- SI x ait till jjoa. j gjiait ^la.jI»J j • 
Ij^j fclii allt <ULaC ^jL^ L>° '"'^ J*~^ '^j AiUiaVlj 
Sipa. dVXai jj jlj/imV 5_*JpUI AaalaJt CiVX-iJlj i_i&Mj!I CjLLaC. • 

i4jjC.j^i illlL^alj^i dlli 
i jjxajjl 4_Lal*J <Jj\jjji!1 ( " 11 q i ^il _j-ail I 111 "'J * 
.4iKJI 4jJaaia-a AjJ jl jl^-a jl j-a J laluil at J Cj^^Lui ^^ie J-a*]lj • 

(jl ^ji >i jj AjAj t_ ul jaJI J£ (_3^>laill Ajlllil! illl jaall ^ -"'j ■ a j 

(lla.li at 4-ljJaJ! ■ - 'I MjJaa ^tjjj ^ <La.la2uiA]l 4jj.laJI AjjjaJI 4jlij]l ClLLaE. 

. IjjlaJj I llS«J 

Fermentation process jj^aafl <Ll«c 5.18 

JHa£ (jjLauin]! p-tuj <liaC J. lVlul t (jLaJ 
till jjjillt (J^aa J ^^Ic. Jl!la£ I i ajl j tAjjJ^JI (111 il i taaJ (jjUaill AjuoiI _all 1> alt 

(j a ■ aJ 4 "j' alall (jjj^lj]! till _jiuJI J^la. AjLaaJI oi& CS^ 4 " l — ^^A" ^S"^' 
^tijj 4j\flr. ^gj^aLall (jj^ll (j-a ' "'V'.' ' " ^ CS^ cS"^J' a ^ (JSjjjJIj "J".^ 
Lajjj i 4jLafc tilia j-a iaS3 ^jn . i- il i(oj-aluw JJC. (till jlai. 4 ■> T— iVi a 

<J=^ (?« Sittl) (^-aVI L^a_^a <J fJJ dljl£ ^1 JaLu jVI fja*J (ilia. <_>a L-ai 
C>j lA^J '(LaCtOSe) j-a 4j"j£a £jjJI JaLujI jSl .j^a-all 

Lai .^lliVI AjLaC. lali ^ ^ jluui ^-il - lallml La£ iAcLui 120 ^lljj/l »JJ^ 
' '■' cJtjJ ■ J < laja J£jui dllj i't'iKi 4_aAaluba]l CjUjI^II 

dil jlaa. j-a aja»JI UjjJj ^ tojilall <jjjL jc CjUij ^^Sc. (Myclium) 

jla 100^50 Jlaall t jiatja.] aaja. 

4jLa*JI 4Jl*ij t (g l" 1 )^ JS1 r l > 1.0-0.5 g3J*ll j2 t (m 3 ) 

.(kg 1 ) ^IjfcjLS JS1 Lljj-t \ jVja 350-275 c LuV' '%80-70 
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.AJUill AjIIc- CjliLaC. ,_Je AjjiaJI jl-aajjl ClLLaC. jl tiiUj j-a (jjiaxll ^git j 
tdjj j jj-luill/ j j£jlxjl £Ljjx£ Iji jj J&J (J^aa.jl 44JjJj£ j -I i a a (Jlajj l$43 ^il 
j* ^aj j-alll jliaj (JaJ j-a Vjl 4<JajJjJax AlijiaJj j va l u i a jfLSj 
1^j2 (Jjjr >*"lll Aqx-Jaj jj£jj jt j.<u.uAj j-aill JaLuijI (_g _y aSlI ^lliYI jl jjal 

Lo£ .(J^-sal jlia ja-i CS"^" ^? ^ " * J_ J l3wV U* 4 ' • a ' "J ' ■' ' ^ ^ ' a ^ J" 1 " 0 

Jjj^jJa ^jc. 4jj£ll!j pH u 'Jf JJ \M ^ (^J^ JJ"'-"'^ A-l3 aC Cjljlilla lal* (^jaj 
JJ aajlj AjIIjII 4-aJlji a]l AjLaC 4 _ ? ili j I I " '1 111a (J£jj t _ ? ic j_aill (j j£j liA . L_l jjjlaJ! 

CjULoc. ^^Icj ^AjjiaJI «* llial] a!\ j\ .la. jj V) j-aill (_3j-o (JaIS ^-LajLJ Jc 

AjlaC .1x1 4ilL_JI lUll lajyallj (j a^l alimVI (Jllla-a £-la.jlu:l £_a (ia jt-aluba aj^ aliml 

((m 3 ) i.i.^ jia 200-100) ^ ji^l o^l f L>ai U .^jaSJI 
(g jiJ JSJ Loljc. 40 j* jial LJla. gVi«ll jiSI Jjj 'Laj^a - tStti 

AiK S - ala, JJ aajl JSj .%90 jc ^tiiVI AjlUi JJJJ La£ J" ) 

A^Lla Cjli^aj Cjiai J .(kg" 1 ) f IjC. jLS Jal LjaljJ I jYjJl 20-15 ^-l^jVl 

(_gjqj.ii.il (-3 . "'1 jjj aaJ ^-a i " iSal j3 4(j;jaJ *SiJ^ 1 " 'I ^ ' JJ"^"' ' "'^ / "*- 
^Jj AilLuJI CjllSj-all JjjaJ <aK j AjjJaJI ■ - 'I -IjJax (j-a ojllS CjIiaS Ail£ (jJaii.j 

. 4j» ; 'i . ^i") <_uu ' " ll 3j a 

Growth medium jAjil 1.5.18 

I j-aj (J<ajJ ■ Ilia j ^Jjl^aJ] 4jjlaJI o^lj jJ 4 i aj all JaLui jVi - a 1 

^3^)11 J jJJt"i\I (__jxi (j^-a<a jJ3 (Jiil ^-a 4 » Laj all ^lliVI AjJuJaj J IsU^uj 

— 3 (j-a ju£l oJj»ila]l j-aill Jajoij dllj j£-a (J£joU (jl (_Jau V .pH /g lla jj^lgJI 

t j)j j)£ > ii \1 j jj£jliJI (JlLa J>3jlll ^ i " CjljAlA JJj^ t>°J^ C?*J A a 

jl jUJI J ja£ll ejlll jji Jla Cl jj^l (j-a JjUjjU jLjla jlSJi ji jj LaS 

t-llLuai lij -jj..AK\l Cjliuji jl CjLjjj^)£ 4iLiaj (j£-aij ajyl aa SI q alkjj^a 

^ sjiA (jj£j La lill& j i(Buffering) '^7- jj-ij^l ^jJI '"'j'^ ^LJI 

. Cllll jfLoill ^JjpjJI (j^alV (j£ £t!ili j! (j^-al ^^jjll Ajj-wa*JI (j-iaLaa.VI ■ ■ lluij lilljj 
,d]jj_n j-a Ajfll 1 f-il CllLLa£ jl«tiS a Jli J-aVI Cjllljil£ al la-lull j^-al LaS 
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Production media Jaluiji 2.5.18 

AjI jl i a laluS .Jill t*13j 
La-a tdilxS.} <J£xi ^^Sc ^ISjVI Aia.jAJ Aju^LaJ! JJ aaJill dlLlLaC. (jjSj .AjaAljl 
LplaJI j-aj (jJJ (JjjS-^l (jj' JjJI ■ "'J^ j jAAaal! AjtLaV Aj^ajAll ^es^S"^ 

- laJ Llui ^gjll A_J jVI j-all Lai .(_5jjaJI ^jli all! (j^a j.13 t^C-l J Ja Jfi a*all 

jjill Ajliall CjLjii-al! j* jxijj jl I -laoS (JjVI) Ajjljujtfl <*i^l aJa.jx 

Jjl t^-*J (J .J^l ojlifl] t _ s iJJ dllj^*-a]l j 'IjjS I g al lalLuil Ix/Lail (j^-aJ 

A.1 c*lljlj AlLa*]l ^Lajl Lajjfc JaSfl (eA AjjIlijVI (jjJJ^I jj-naoj .(jLji 

dljjVI J ^ ■ -» " ^J ; '"'' J j-LaaJjll AjLaC- (JvLi d La i a ojjj-a ^3 I gJS.1 i aj 
Aj£- jli ^tjj CjV _jLjJ lillj (jft Loilj jl (j^-aJ (j^lj tAjcl j j (J jj^al j-a AOjLulLall 

OA I^A lJ^J '-^•^ • Jp*\ J lJj^ 32 <j^J AjjjJI (J jji^2 (j-aj^ia LjjjUjj J J i a*3l si* 

(Reproducible) A^jLia j^aaj cjLLac. ^^Jc. a jjal - all i -Wo- 8 j.<u,uu> (jjla 

AjLaJ! oi& jxs ' ajajjjll JaJ (j-aj .(^jlillj Jajjjuill (jJiilJ Ij'j-a Uo^jiij (j^-aj) 
.'ojjj^ CjUjUj (Jj j.la. ^j-al (_g ja.^1 A_ll jV .llj-all (j^a ^JA»JI -I laajuj (j^-aJ 

jjj ^jjalj (_U^a2 Ajj la SI AjaAlj^l Ajllc- j;LaaJll! dAAaC (j '-— ■ j Aa. jj V 

CiiLclij) Ajjjliill lillj j (Tropophasic) jl jiaVI sj^»ia CiiU-Uj) ajjoiLuVI Ja.1 j>JI 

(_5jaj .(_$ jj^aS jrLul Cl)I±uz J j^xaJI Ja.1 j* j ^(Idiophasic) J_aUI AjjLa.1 

jaj j)\ ^y&ui £a ' 111 il ■ oil ^Jjxaj J^f* <j*"J^ cs^l -iajj^l cj^ 3 ^ 

.CjljL^all ^llil ^jl ■ a* j^i Ailaj^ll It jJjoi jj£VI iajjjjall ,_^A (-A sAA j ilj^ilail 
3j uaiiaB CjI j^jA jJJ^II .At Jjoij - laajuijj JiUj^U ALU AjL-axll AjIjVI jl >all 

(j_aJj£ J j| -I > -i- **< . ..I (jS-aJ .LLajjjl ^ _j ^ all sjill j±i a& jl j_j£_jl«Jlj t jjj^i ■ nil 

ja i _aa.La JiLaj!)U (JjlS (jja-jjllij 1 g H . ..I (jS-aJ SjjjjJa cdLiA jl£ I ilj ja.1 
a jibLaJI CjI jJjA jjj£1U AjAxjII AjJal j-al] jUii (j/aj .sjill j^LaaJ j* 
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Foam control (5JL»ilil) Sjt j\\ <Jluu 3.5.18 

JjlaJ a Mr n\\ AjIjVI jl_j-all ^ 'a-lja. j-aJI ^J-^ ClAjAi-a]! A>lsI»J j] 

^ la i " a_jE.^)ll (J^ uS (_£jiui<a l"^- ^- '*£_)J)_)' < a ^ j-° <^U^ ' j-aiuixs (J^ uoJ e_jE.^j 

uul duj ' U j JJ i ajlc. (Jiuil cSlj^l LP- 0 1 J&3^ {* ' ""' J J.'"^"'^ (jjj-a 

(_J£joij aaJjoJI dial duj jl t ^1 ^jjJ! (Jjall <-luj jl tUjj-aJI diij jl ^IjjaJI 

Ljia Lll j3jj jA jl_j-all s^A (jJJ jLaJI -i-^J Laj '6 J^-J^ " ^ ' " ^ J-a^ £jLi 
jiaJ j_jjj£l] (J^J J v JJ-^ ^ (S <ttj5 / J ^ ^La£-a ^JJJ^j lillLaJj Llla a 
jl (jj^JiuJI IgJJjLull (^5^ ' •^"''"^ 1 l ^ (J,at^1i,iiJ ^cjj ail (_J£joU 

(jl LaJj . Ciljl] aIiAj jl <Lo£-a a JE.^1 (J£jaal a II i <a a (J-ol_a*£ U jSjJC. jJjJj^J 
jj (jl^-aJ Aj-oAVI j-a3 t<x3 j!La JJC. CAS jl (_)■ aaj La Lille. ajE.^>ll (J^xuJ 

^LuV L}il£ UaJjJa ajj to jC-jil aj.iJa.ft3l jl jxll AJlifl AiLjaV <*a.l j <ji«J allaj 
.lie ejE.^}il ' * 'I iLwaa jJJ (j! I ■ LaJ .jl_jya]l a^J Jajiall al laajoiVI jj.lJ 'a JE.^1 
■ . llmj jjAajlt AjLaC. iajuoj £-a 2_jIaJI (jxs 1 glal i '--j ' _la J V j tJaia Aa.LaJ1 

f.l_4gJI 4j-a£ j aflill AiUiaVlj tajE._)3l ■ " it ■ <a a ^j'-— » j <LaLJI a *J.'^"^ 

J' aill jiajl) a dll JlLjax (j-a 'aJjl j CjLjjl.,>L<i J_aa.j (jc. a^ljll 'aj3j!La]l 
CIiUjt i a JC._>31 ■ " 'I i !a a3 JjI jll al laJLuiVI ■ ■ (jl j^-aJ .^(j^iliill 

. j;Laaall A \\tsf~. ^^Jj ^^ill gclidil ^La.j!Lul AaJLt^a 

Fed-batch feeding cjUaj ^Ic h'^ul) 4.5.18 

jJJ aAc jAj) L& L*JJ (JiLaavlI aLUII CllLlAi-all aa a p jjjj jl jS-aJ 

jj£jJ jj^J LaAic ^-liiiU ^)£j-a j > I aLiall (_JjjjjJa3l jx jj^J .(%65 — 30 

jfc aa.Lillj Jj^all aa a ^-i (Jj alajl ^LlJjVI (_HajiaJ (Ja.1 jx lillj j (_paia.l j£jji1I 
^^gJoj AjsLjal 'a jAa <1 SAaaII jjll a^all SjLjal jl .Aj^i-all jIjaII (ja JJJ^ ^aa SjLjal 
glii Ajiaja SI p jl j^lt SJLa. ^ 4 IS ■ * a (JSjuS La 'ajLt 'Jjj^l ^■J^ «ajia J 
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£-La.jluil {J aaJ Uu3 a-la^ll ' " ll J ■ all l ja c jj A Lai -J j5Laa1| j^JI i -»■»■ It 
4-lllc- (jj^J jjl (dlV j£jJj^)JI) Jjjl^jall 6^-5 (j^-oJ ^ ' AaJl* all J 'j£lj . glial! 
Clljjil JjxaJjlt AjLaxl ^ «h<-.VI gtliYI J^3t-a ^^Ic. <UaiLa^al! (jS-aJ ' * <Ua.tjjYI 
Jjj^ja jjc. a.la.j 0.1 Jj-la. (jni r-i Jjj^ill (gjj? J J \^ W 1 a (j^y '^L^ 3 

j)C Lli J-aVI jl 4jjl£l! 1.1 jj^II jlc. I tl i a.)) (_£jl3 jl (CljjJ^ll j'--"" SiL-aj 

4£.j^all (_paj| -I ^aHml i 1 ■ «aji ^ JJ ' a L^^i (Ja..la (3iJ^ 

;J *-**.' j<u f-i jSjjill s^jl jll 4iL_aVI (jl aJja.j-all dlU mil 1 g \ >iQ| 

4 till j (j« (jii^tll cs^" ^'"^ J^) > J U °*'..' 1 ' J '(J^l ^j'--"^ g" 1 '..' " 
,-Ija.jJ 1}^ II j»3^>ll j^ij jSjoiII ^iLjal LllV^«-a ^j'-J 0 ^"' (_J-ljJ (jl 

Dissolved oxygen (DO) cJi*JI &l 6.5.18 

3 la a a J£jjJ 

(jl LaJj .<Le.jJ>a1I AjjJa. ^^Ic- 3 jafll a all j <JjJaJI Cj|jL»all ^lUiV alaC.) 
cs-^- L3^ J' 1 '■-><' J^Ai ^-jj^ AiLjaVLj <3iKll ^IL) ^gij (j±a 1 11SI -I Ikluil 

(jjljj (jiLluilj 1 . '7-; (jja ■ j j V/> ^ ^-J^ all _aaJI f.l_jA - laJ i aJ 44_}La*ll jjLal 
.(JjLoill J_jiall (jja ■ & VI £jjjjl (_5jjjj*all iilj_)ajllj 4j_jgjll (jjj (jj3.S 

( jj-aiall (_3J-a ^a a J-IaJ i jj^- i u£VI (jljji o jLj^i (j^ajaJI (JaJj ^a.ljll i all 
i_lliall (jjjj^ll 'Ijm'sl (-ju CjLjjli.iLo t _ 5 lc. till jjjIjII oAA (j^l JJ^*1I jSLiaJ j JJjtj j 
(jxs ^jlc-l <— lliall ^jja ui^VI dlbjluixi ^gJc. p.lijVI ■ . LaJ .((j-al!ill J' aill ^>lajl) 

Ui i all ^^Ic ' .'rj •l^j?- ^»>^ 2-1.5 ^W^V ^J- 2 l>> %20 

Laj 4jllc Jit «.l_ag-ll ClVAa-a ^^Ic. «.lajVlj jJ-aaall AjLaC (_^A* ^^Jfr 

(j_jj^)^ll Ij . iiSl (j) « 'UJ^J^' JAmSI ^gjlj (j-a (j^-a-a j^S ^)j£l ^-lljV 

.^Lihll CjUj1£1I ^-jLu jjjIj <1 jjSj 

jfk^ ja. UjIjSIj Jaia, 7.5.18 

Culture preservation and aseptic propogation 

jrtijyi AjIIc Aj-s jJjaJI ^ jl_>^l i ■ all t_i jLu^l sbajVI '.'^J 
^LJjtill Cllli 4jJ^aJI 5^ajj^)aJI ^jI_>a1I CjIjj jl .Uojlj^'y gjaj-all i_ljLuVI J 
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Jjljll .n»Jlj tdljikll JjjUI 
Jaxuj Jawi j (j-a j^SlLall (Jiill • ,jj ajJax jjc. j-al 4j_&xiLa I " )1 lla ^^Ic 

(> <^iLia (Sub-population) * * jr^V' ^VXoiiS 

.J3UI 

lilij ^ (<Xa_)&) AjjjIjj Jili. (jxi 4jjjLuiVI p^jl j-aM L ^C- JaliiJI ^JJ La ojlcj 

jl S.l^)La 4jli. cJjc ojlcj JiLi. (J^a AjAi. ^.i.lUJj Jai. JJ' ^JJ 

jjjll Ai^^a (_>sal^. (J^joU (_£^>&_&i. lAA j .•kc-jJyA] ^J^~^ AjLaC. e.l±il 

OJjLall (Jaill dllilaC Cjj^ j i£JJjj _a-aj <Jla. p jl j^i5l ' "'..'^ 

^1 Ual£l! aJUsJI iil! jjj JjS jljiJI 
Scaling-up V^fl Sjbjil 8.5.18 

CliLil^i, ^jj ^gjll jja-v'U jUr. La dlU^j ^° JJ^J 

jaLiall ' _ '7> ; j Lajlj! j^-o-a JJC. I^Aj i il UN j fijj^a SI ejJJ^ JJ "•*■"' 

Clll^jllj i^jj^ (3jl J-i *ljl (jJJ Affile (_)jlLuiIj (j^-aJ V j .dlLjjjaull (j^i 

4jjlLa]l (j-a Cllljiiu ^3U VJ JJJ^ Li^ 3 ^ LS^~ J-'"^"'^ J ^y^?-^' AjC-Lu^all 
(JSI j' %5 1 "„' 9 i " ojLj 4jjl£-al JJ-^J -* a ^ a ' . '* ' (j- 0 (J^ ^ ' ^-'J*^ ^ 

dll j t"<ljl«r. j j^^a jJU^a ail ijj^j ' " Ija Ajjj^)^j]I Aj&I 1i ail Clllii. j]l 
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A ajaJI £a .ill oJj^ ^ jl j-a jj jj Lajlj i-JjC. jaII (j-a • 

(jli 4 till j £-a .^Ljal (_£jJjiaJ J-aC ^1 <a.LaJI (jj^J ojj^jxJI J..'"''"'^ 

(jc. jJ*-il jjjladll .Ijj-a]! cs4! * A ~^ a ■ ^ J-° La Ullc- oJj^aJI ^jl j-a]l 

4 q'n-^ n lllU-aL j-o dlljlg-all jfll i adj tliA tj£^ajj . (J^al^ll JS^ilL) lgjljl£-al 

AjjJjJj^i dill: (jl (jjJjJiJI g.Ll aj£]|j 4aJjljaJI sLalc-j ijjjjjjj^JI /jj. .. <.\\ 
AjJjjll <±uijjj]I <cjj^]l AjjJ ^ Ajj-uLiLall ajLijll ^Uqll Jjjsaa]! (JaJ (j-oj 
AjjjiJI <Le.jj* £lui jj (_£ji_l c^lliVI Cjljl ji. VjJ-^aj j-ajll (jjj^J-^ L>* 

aJj£ ^ Ajtjjjj ajjLijl (jx (jS-aJ IjAj 4 jt i <^J^ O" 0 J^ 1 - (_>J-uiVI 

aJj£ t^c- (Jj • it ail ^^ia. < JJ""*-"'^ AjLat aLjl 3 — 1 (J-^- SJl* 4 4£.jj,a]l 

.j"'- all a (j-o %10 — 5 (J-^-*^ J*"*" alt ^Jalj (jx (j£-aj ^Jjli. 

£l» jluM J«j Uj £U jlutfl CilaJU-a 6.18 
Recovery and post-recovery processing 

Ajsj Laj ^La.j!LaiVI dlUlja.V aLiLuo 4jcaJ^a ^jjliill (_]■ aill (_p3j*J 
io!>lc.l IgJ (_pajati]l aJ ^^jll AjjJ^JI Cjl-jL^allj tjW'u Laj3j . 4 jSaaII ^La.jiuiV 
J£ ■ - 'J^ J ^^Vl CS^ CS^' ClljlaC. Jj^«J ^1 lilLiA 

ClAjLaCj AjjlaSIl aAjAuj ■ " ll j£ J « ^JSs dll ijjji jSjlfrjlbaVI 4 villa \.' j ^-j£jxs 

ClsV jlj-a]l - i-^"'-"' j 4iJ1jIjj jaJI o-igJ LimLLa I jUi. ' " u ajJ CjUjAaIIj -»*^ aHmVl 
JjJaial! jUaJ! JJUawa]! 4 L J jj jSJ j .lilJi (jft Jj^£ 4jJjLill 

(j^laJlmJj (jj-all '^J ^ (j^ V J G J^- 0 ' j a] 

jl * JJ 1 ^J-a ' ■ ' " j"'J AjajG AjLaC- AjL t^Jjj (JJLi-aJ ^jJ^JI 

^^aja ^jc. <iul^)]| A^Luojll (j-a ojJ^lj-a V (jjl^ailinll L-lAi a j"' (j^-aJ jl 4 ^ jJxulj 
CllULaxJI ■ kJa jj 4 4illj ^Jj AiLjaVLj .Ajiuj AjLaC. AjL 42 (Jja Jj\;^ <»SjJI 

ujlnll j'-"^ — 6 Alia, sljj u <~i ^jjjjjuiijjjjl a lalluu ^__lJI Ajj^aJl 

Jjj^a j> y j L^Ui^l -Aminopenicillanic acid (6-APA) 6 ^-Vl 

. 6-APA J UjWnJI Jj^ ^311 ^J^l 
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-APA 6 k.,,, j]l sljj jjjjj JaJ ^UJI Jjjsj ^il^ll (j! 

^^ia-J t (jJjjauilJI dlljL^a ^yn j-a ' Clll j 0-lj.la. (J^l C5^j ^^AaJI jA 

dsljLiaJI .ia.1 _&& c3^j^ t3^y>^ l>° jj^-^SI ' . 'J • " j"'^ ul^ ' , — 1 ^0^ 

4aJla all j <JjaJI Cjl^L^all ^La.jI»J (jl <-£llj-i) ' . taj ^ ^ l^luiajl 4-luiAifrSI 4-iLa*JI 
lilSj :4ialj-a 4*£jj-a ^llij ' j^jlalj La Ullc. "&ljla lillj ^^Jj ^gjSI 

A ^-.'"'J" ' ^iLkjaVlj t(_£jJaJ! .iL^SI ^lajliailj ojjailixs 4jaJJj-all 

(_>aaa. Jal i!)Ha .Ax-lali naSI <jjaj]Lj 
dlLa "'I j^l o^lc-j laJ oijj (jjoia. La£ t dll JJ.' ■ "J^ °J 1 aSt j (jjllxiilinll ^tijl 

diLjjL^jal <_sja.l ajjj^ tiibL-a ^LajiJ diULac * „ia.",„ji (Resins) 

Ajjoit-uiVl a jlaa SI "..'"'J.'^ 'S^J ^La.J^"'! 3.18 (JSjoJI 

(jjli»jLiiiJ ^^Ic. J jj^aaJI (_JaJ jj^i ^fl j i [JjSa a 4 Samt jj aj) almVI 
.ijlaJlj aji aim! jlg-a. J*J ' '^/'l?.' \j.'^ »J aji aHui^l a laJiuij cojlaiSI 

^ ^ i-^ 3 liKaj ^-a jj ■ aji al (j-aj I^A L>" a jMJ •c5jj^ J >^' 

<Jj^a3 (j£-aJj t (j^Ajjauiull ^jli aJ ^ (jli&VI - laljuU w J' * 3 *^ <-) J^ 3 
Vjl ' al i aj .^Jjilill ■ jlj.S ^joij-a 4 aj at jj ( - jjL i aJ aJlj (jUc-VI Cjlj-a*Jjoui 

(JaJ (j^a ajjlluiAa]! (f.Uj^ll (JSU (J jSa ") jjj^£jll JitLa j ajli .^K\l 

Jj^ a ^Jj A^Lijll (j-a (jAjjouilJI Q ala^lmJ . (^_aAj) CLlLaOui^ Jj£jJuj 

Jj^ a ^Jj tJjla all (j-a tillj ^3«J ^jAixajinll Jaii .(JjlxiVI dltlLuil ojlc^ (_£yJaC 
<la ^1 _a^. ^jj^'^'j;^ Jy^JJ ' llljiaa SI si* JJJJ Lg^j? JJ ^ j^J^' cJ^^- 0 
Jjjjj aji aHuiVI ^3U 4 U, : :,i^ll (j_jJjSll - i ^"'■"J tt-JjIjjoiSI <3I jj (J^l (j-°J .oj-a 
^la J£jul ^gJc. L-lAl ajpll ^1 (j^lljjaUilJI f-^^A^J JJ QJJjSiW li& ^Jjoijj AjlaC. 
(JjjaiiSI liBi ^^jjjlLuoVI d a ■ "I _aJ ■ ■ 1J i ajjSI Ajlafc jiaj .^jjj^ljjj jl ^ jjj jj^a 
Ajjlj J Ikluil j a ■ aJJ AjlaxSI (J$J .<jaila]l l_Jj| jjuiSI (Jji^ll) Jj«-S^ 

.Igjj i aSfll JJLiJ (Jj^l a all sift £-la.jjjjj! jli t JJL^a 
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^joaxUI tutial) tlllj CjbLoa JjSluu 7.18 

Future prospects for fermentation - based antibiotics 

(_gja.lj ' 4_*_uilj 4-ijja. Cjl-iL^a jJ_alaJ S^aluK 4 -^1 -> lilljA (jjalui 

i - i <"i< ^ (jfi-j ^ J* 1 ' a 4-uLlxu£ ' " '1 .'^ J " ^J^- 0° ij-^ "' i ' " ^ ' '""* .' ' tAJqjl 4 3J i a 

^ jLaj lilli j SAjia. L jiiL J ajjjjIs J^aI ija (Combinatorial) 

4-Ljc. (Jila. jx a-ipa. Jxljt £-jj\J sjjjS 4_ijl£-aj tdLiA 'j^j ^.!\! 

CjlaJiLall oiis ax 1 jjSj ■ " j . (.liAa.) ^_iLuu£ _ajj] j ^ i a a£ AjaUjJg dilaaia 

AjJjlall! jxaaall JjjIjlaJ £cJiil jl (1) ^1 ^liajj-u J^sLxJI jl Lai 4j| 4a.j.l 
(J*^"' sljj ^l^V - ^•* k "' l " - .' (jl (2) jl 'jA La£ - laJliau] 4-ijjaJI CjIjIsjII Jjjl^iaj 
La ^^gic Lja. ' (jj? A LS ^ ' ^^-"V ^ < ■•' "-'^ ^ g \; v *"' j^-aJ CS"^-9 ^$J-^ 4_k^alaJI 

.dlljjjoi jSjIc. jiiaYlj jJI ° ; i all j t<— ll jjLjjjjjjAj 4_iuii]l_j 

4-ijJa. dlljL-a jc. ■ - la A\ (jc ' lilaj plj^ll dA£jjai alaa " (j! j^ ^e.^)]Ijj 
0.11.1a. tllLljja. jJjiaJ JL<al LilaJI Ajatjjla <J j^l ' «1 1 g 7- al JJ ■ lUalml j 

4LjC. jL I a jt \ ^iVI 4-ijjaJI 4_jlaj]| CjI£jjoi dASjjjj^l .133 t(J-al£ (JSjuiJ 4jt'u ,-1 
^>jJaj j-a (jS-aJj 4 1 <u >t j« 4jji3llaH (j^-aJ I (J^- 4 -^ (jl (j^ 1 ** ^j*jf™ Clllaaia]! 

.All 1 <a< 4_xu3 

• j .'?> CS"^" -"*■?■ ' "'I alia j* 4_i j p 11 1 " 'I il 1 a a (jc- ■ " la ill ^ ; 

(_£>La. (1) 1;U'». aj jl£ Ajjja. dlljU^a L_aLii£l ojlcj ,J ^-A ^jVI 

(jLeJJ i_ll±u)V (2) jl ' j»a ■ taVt (Jj3 (j-a ■ " la ill g- 0 '^^ CjLljljl 

^-ai.iU V 4a. 1.1a. 4_Jaia-La ^a a dlljJjSj j) clua J JLatVb 

(jl (j^-oJ jl ajluiVI L-LluUx ^jjj-a ^^Jc. (Jjj^aaJI j jl j-aJjaiVlj 

(JiLaJJ 4_ijl!i]l 4 g ia II . jt 1 ^il ^a a dllj Clll£jjoi] lluilla JuLjlJI j {jj^JI ^a a j j£j 
jt toAjAa. 4jIaj jj^a La^Uaj) Laj t(jj' fi ' '"jl" dllj 4_i jja. Cj!jL-a (jc ■ " la A\ ^__3 
o^Aj LjJallj aj (_s^l 4^^ i\l ^txiljJI jjc. 4jajjlj dlLilaa a <_£>la. (j^ 

e jl 1 a aj| 4j]l*ill (j^a I L 1 a lilL (ilLaJ ^^ill cCjlilal jC- jJJjJjjJI ^1 4-ii.Lallj 4jlaJl 
(j_j£j ^3 t(j£]j .(JjjoJI (JjljoaJ (_^lc- t4 a (jal j to jjt i n oj^S l^j^lj t^jjljaj] 
JLJa 4-1 j CjljlL^a jc diaall 4ulaC- ^ 1 ^"'7- IUlxi ' ■ laJ ajaJXa . ^il j-a (illiA 
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.13 i<Hji3 4ij^}iaJ 4-ajlLall CAu >ir'\a\] ^jja oAlAaJI (J^I_j*JI 4Jl*3 ^J^J 4J*JJ 
' ° \$ ^ jjoiLia (J£jol1 "LajlLall '"'^J' <a«^"l oi& -I ..I jj^SaS\ <j^s ^ j i oj 

' ° j"' (-SJJJ J> -' a ^ L>° ^jj^J ' " liUij f^^' (-1^ L>°J -^ljjiil AjLaC. ^ ^-uit-ui) 
:(P4j P3 ^5 JJa. (j^-ai (_$ jl»Ji-a Clll 3 ^Li-a oAiill Aillj (j-a! j (jLal 

<_3 ej3 j^JI ^a. jjLJI 4j.lil£ill jjl-a-J ^ littij aLjall (jlLoVU (jjfL (j] j 

<cL1a]| j ail) ' . iauiaSI (jjjjjjall JjJa 4 jSI j «jS (J-oIjc. aLjc. t5 Jc ojjlall (jslj^ll 
'SARS SAjA^ill S-llaJI (Ajjjjll) 2j,„i-.'\t ^j^iliaJI ±Ja J HIV <jjauLall 
■ La 111 1 < "I lalml (j£-oJ ^gjll (jalj-all JJS ,1.1c. ' ■ life VI ^^Ic liSLiA (j J^J ' " 

. IgJdj J&j 1 1 g h* i <LajlLa]l CjV^UjJI oi& .IjJa <llia (J^i! jC (jc. 
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.til! cUai! 



ljUajj) jll "t 

Strategies of Cultivation 

Sven-Olof Enfors OUJ^' uijJji-£jiuj 

Royal institute of technology, 

Sweden 

Nomenclature 

(mol C g" 1 ) SjUI ujtjtt j£ J =Cs 
(carbon concentration in the substrate) 

(mol C g" 1 ) l£UJ J teJSi J^Ji :C X 

(carbon concentrations in the cells) 

(kgm 3 ) J*iJI u^Vl j^Ji :C 
(dissolved oxygen concentration) 

-3 c 
(kg m" ) t btoall Jii* (jjl jlall JaaJI jji^VI jj^jj : *C 

(dissolved oxygen concentration in equilibrium with the gas 
phase) 

(dilution rate) (h 1 ) t ba^t J^*-a :Z) 

(critical dilution rate) (h" 1 ) <r jaJ t foVill Ja«-o :-D c „y 

(pI ^Uij <> %) J^JI j^Sfl J3 jS :DOT 
(dissolved oxygen tension) 
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Cyk %) c5jliJ] jjU! ^ uJi^ 1 lU^ OJ^Vl J3J3 :DOT* 
(dissolved oxygen tension in equilibrium with the 

gas phase) 







•r 


3 1 

(medium flow rate) (m h" ) 






(gas transfer rate) (kg m" 1 h" 1 ) 


jliSI Jlaijl Ja*-o 


:GTR 


(conversion constant) (% 1 g" 1 ) 






(specific death rate constant) (h" 1 ) 




:k d 


(oxygen transfer coefficient) (h 1 ) 


^l_j^JI jlsdjl (J-al*-a 


■K L a 


(saturation constant) (kg m" ) 




:Ks 


(cell number) 


L£UJI jjc 


:N 


3 1 

(oxygen transfer rate) (kg m" h" ) 




:OTR 


(product concentration) 




:P 


(air flow rate) (m" 3 h _1 ) 


lAl>^ J-^*- 0 


■■Q 


(specific reaction rate) (kg kg -1 h -1 ) 




■q 




•qo 



(specific oxygen consumption rate) (kg kg^h" 1 ) 

^c.jj]| gliaH J^*<o :qp 

(specific product formation rate) (kg kg^h" 1 ) 
(kg kg^h" 1 ) (specific consumption rate of limiting substrate) 

oJjLo jjc. AjIjI o-lL<J ^^i-jill iiO $AmVt J.l*-a : ^S2 

(kg kg _1 h _1 ) (specific consumption rate of non-limiting substrate) 
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4.19 JSill jiail «»1Sj1I d?J i> ^BjSM aJjVI sjUI dl^l^l :q m 
(specific substrate consumption for maintenance) (kg kg^h" 1 ) 

4.19 J^-JI jkil CjLiLc Jj (> jVl si-all ^M^U : ani q s 

(kg kg 1 !!" 1 ) 

(specific substrate consumption for anabolism) 

4.19 jk3t < AaUalt tjj j> ^ jill AjjVl SjUJI iikl$U : eni g s 

(kg kgV 1 ) 

(specific substrate consumption for energy metabolism) 
i ^ ^ v-^-, — u <aUa]| (j^Ljl i ^r. jiJl aJjVI sjUII <-*Ng",.„i igrowtr^en^s 

4.19 cJ^I jlal «j*iS 

(kg kg^h^Xspecific S-consumption in energy metabolism used for 
growth) 

-3 - 1 

(volumetric reaction rate) (kg m" h~ ) Jc-lisll J.i*-o :r 

(kg m" 3 ) sijLJI ^j^ 1 ' b: ^ Jy^Jj ; S 
(limiting substrate concentration) 

(kg m 3 ) £ &LA\ jj& A^jVl SjUII :5"2 
(non-limiting substrate concentration) 

(kg m" 3 ) -k-. jJI J^A- AjIjS/I ajUl JjSjj 

(substrate concentration in inlet medium (limiting substrate)) 

(kg 111" ) -ku jll J^"^> (J aJjLJI JJC. AjI jVI ajLall JJ^JJ =52; 

(non-limiting substrate concentration in inlet medium) 
(process time) (h) ajLJI <>j :^ 

(medium volume) (m ) .k^l : F 

(biomass concentration) (kg m" ) ^j^' J^Jj 

(concentration of dead cells) (kg m" ) ajjJI U^LaJI JjS jj :X d 



747 



(concentration of viable cells) (kg m" ) aj^JI LpUJl :X V 

(kg m~ ) lsj^ J&tiJ ^ yJaUj&V! J^jj : y 
(concentration of arbitrary component in the bioreactor) 

(yield coefficient) (kg kg" 1 ) *U»JI J*^ :Y 

(yield coefficient of biomass per substrate, exclusive 
maintenance) (kg kg" 1 ) 

(kg kg" 1 ) S<U",m„ sjU J£J c^Laixll jjauu^l Jxl*J» :Fq/s 

(coefficient of oxygen consumed per substrate consumed) 

(kg kg" 1 ) jl 'i^La JS1 glittll frLLc. J*l*l :Fp/§ 

(yield coefficient of product per substrate) 

f.UaC 1 £a ■ alx 4 Aaljl o^La ^Jj^ 5 -^ aJjSII f.Ua& JJjJa 'YxJS 

(kg kg" 1 ) (yield coefficient of biomass per substrate, incl. 
maintenance) 

(kg kg" 1 ) JJC aJjI S-iLal ^UaaJ J-»Ui» :Fx/S2 

(yield coefficient for a non-limiting substrate) 

(separation factor) 1.19 ^ '<Jmj&! j^e- -S 

(specific growth rate) (h" 1 ) ^jJI ^1 :ju 

(in gas phase) ^ jUll jjUl : g 

(inlet) u^j^' ; i 

(maximum) ^jj^all ^Luall :max 

(outlet) ^ J^ 1 ck^ 1 ; o 
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i'oJjLa AjIjI ojLa ij^^Cjj JJC. (jj^-a ^1 JJJ^J AlAj (J-al jC I y I S' Xl O'P 

Introduction <U.iL»il 1.19 

oiA .{Continuous cultures) S j xlauJ I J jJI (Batch cultures) 

(jl t^ja ■ q]| (_J£joJIj 4 iajj i ax (jj^J La-lic < 1 LlLuiI 3 (e ^a'iihaW ^\) ^jl^"*^ 
iiilljuj . j-aj]! £-a AjjIj lgj2 CjI jj£jj]l (jl es"^ ^° 'JjSjjoiVI <lla. j' 0 ^"' 

l£UJI jl ^jlall ^ t (Mutation) jjaiajl] (^iiSa. JUia.1 jja.j ^ 

(— Ua j-a »j" ■ ii a 

jJjUU t_l£j-aj *.l_og-ll VI IgXila. ' t\ i jj^-a j-a ■ "'J-^ J tAjSjia 4jt3J t"llj\«(-- 

sliilll 5jj^ll cjULa£ JJj t (pH titrating compound) ^iia.jjA^]l pSjll 
J jla-a Ifrdk Liajl ijLiaj ^1 i(ol*ii ^jic 4ja»j1I cAAae) (Fed-batch) 

j»_&aj I Sjjoi Jj^aall Ii* .jSjoJI U_?-^ ^° ^-^-J tAaJj Jajoij j_j£-aJ jS^a 

.^jj]l dluLafc jx ^IjjV! o-l^J AAuiLuiVI ajl ■ ^ 11 ' Li "-j; 



^jaaJl JcLLaI] 4J5SJI &j! jj LjVjU- 2.19 
Mass balance equations of the bioreactor 

^JJ 4_a.LaJ (jaj t (JdT.u'all Jaxu jl£ La^-a 4(_£jJaJI (JclLall f.ljl al£1 a "I 

■ZJLzJI (Jjl _ / y*ioJ <-a^-all iajj_&ll Cjljj£-a jj^JJ JJ^J Saj] 4j^)Ja. dlljUc 

^-a 3JUJI dil jjiia <Jajjj 51jjla 4jUj 4<jLa*JI i_a jjiaj ((State variables) 
(Resident time) djjUl j^j ^ J thdA\ cjLLe (/) (>jll 

s* Jl 

jjlij-a _y V jl jJ*jl i^Lui^l I^A ( _ 5 1cj .((j^-lLuJI aill _>lajl) a J.<u,i.'iall dl\jLa«]l 

aJjVI SjLoJI dUjLa j <jj^=>JI <i^l j^jJ ULlilc-t aJU. 

CJ-j*-fl ^1 (DOT) JaiJI j^m<VI jjjjj t (P) CjUilaJlj ^5") 
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(Initial l-sjjMj l«..ia tAjLjalai]! (Numerical solution) 

tjl tjLaj t^iLl^j J jla. liSLiA toj/uiiull dibL*JI ^Ja .sUa«-aJI conditions) 

jlw Jta^ 1 -(Steady- state conditions) J jaL-Y! aJU <-ijjk 

.1.19 Jifil! <J 




(inlet) Jiiail <i oLjail J*l ja-j o j i AjliJ j>» jll .g li 1LjA\ > jJL 
^ja-. ^ y jjSjj j±4 <(1><J>0) 3 'Jjji^l j-aje .^1351) (outlet) £ja-»JI 



(kg h" 1 ) + - JiU = jtfi5il 
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^ = F& + Q iygi - F 0 S y - Q 0 y g0 + V r (1.19) 

_yj^*J ' ° i eaJ ^gjll ^Lt// (jjl jj aJjIjuh ^^Ic J i j 1 <tal*-a]l OJA 

|=^(yi-y)+^(y- 5 y )+r + GTR (2.19) 

'. J jj£-al] jlill J (Jj*-a jE. JJ*J J 

GTR= 7^i- ( 3 - 19 ) 

jl tol.li-a]l 4j«ij]l 4j]«r. jl t<*ij]l AjIoC (Cl cAjlaaJI J-It-uiJ Ja-aj JiaJ 

•F 0 J Fj £±ia_jj 4jla*JI jjuia (Jj3 j-a to^aluball AjLaaJI 

(2.19) <H*Jlj = F 
|= 5 y )+r + GTR (4.19) 

F = F j j& <_1^»^ rcS 4ji*j]l J-ia-o '0 = F 0 elli-JI hhtz 

(2.19) *n*-iij 

f = ^(yi- y)+ r + GTR (5.19) 
t J^V .(5.19)j (4.19) CjVjU^I ^ j^Vl c lU,^oll J^. t jlill 

(5 jj^J Lojjc- to J,.aluift3l A£.jj-a]l Cllljj£-a]l (j^JJ J Siilc-J (jjfiaJ V La-lic 

4j(ijJI 4j=.jj^ ^ (jiifljUala \ja li ol J2 Sh<U j jl jllI ^^jljlsua (jl ■ kj£ (1 = 

<jr»-«ll J VJ -(4.19) <bl*-a tSj^all 4frjjJlj t (5.19) <SjU^ (SljiJI 
jjjj) 0ja"u.iJI AjLaaJI ^Si . jiilLaJI ■ ttlaJ —F(y/V) ^ikj^axll (Jljjjall 

LajjJ ijcliall j-a ClljjLall £jl^JI j^J^' Jj*-« JlaJ — F(y/V) '(jljJJ SjlfiJ 
jljjaJI AjfuoJ (_jiJI jj£-aJI ' ijLkj Jj*_« Jj-aJ tal-li-all Ajtiall AjLsC. 
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DOT j P iS iX _j J^iluy J _y f UJI ^Ik^J] 4( jVl .i-. jil JiU 

Slii-all ClLlLaC. 4_Jj.ll 2 h<\l j jl jj CSiAjua (j-uisu (_M*J .^l-U-l 

^^a-j-jjall (Jclilill CjV--*-a- 4-JjJa. CllljljC <Jla.-lj I ; laJ 4jli 40^aLua]| CllljLmjl j 

.'aUIA W\ qJ jl aLI** ^ (GTR) Jlifl Jj^ J^j (r) 
Volumetric and specific rates ^j^j ^J a >^ 3.19 

:<_J£Jl!Li if < aa a cJcUlII Jjit* l u£j 

r = qX (6.19) 

(JAi ojlc - ajj .4-ila. 0.1a. j (JSJ (Ja*-&]I ^1 '^^-C jo// (Jc-lsull tjjx-a j& g i - ua J 
(g x ) jajI] Jclijl! Ja*-o jl LaS. JiuaJI £a.JJ J-^^-J [/I J^Ai 

Monod Model Jj^j- 1.3.19 

^Jc. (J^iua jLoJC-l J°J^ (__i___aj. £jl_jo ^ jj-aj J ^i>aj 

5 



max 



(7.19) 
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s 

/ 








■ 


/ 


/ 
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Jj*_4.j (J- 4 ^ »//) >»^l Jj*-4. (^yiUj ^uij . J\$-J-» ^ jj-iiS ^g^jiua jj kU4 - :2. 19 JluJI 
JaUi jl (jisl jaSl £a t(5) sJjLJI 4jjVI SjUI) Jj£ jj Jui (Jail, La. iaVI 

.0.5 =Yx/ S AjjjaJI p.Uafr 
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jaA\ J.l*-a 4<J&I AjjVl fl-lLall JJ^JJ (j^ ^4 ALU-all si* .Ilia 

J] <-J^! 't^- 1 
ajLajl) 5" JJ^JJ J* '-^S <p^Syi -(J. max 'cs^^' J^' J" 1 "- 0 

.2.19 JSJdl 

jLn&L) t jaiaa /^S^ ^ J^' »>lLall ^a.V jo* 1 jjJt J^*-«3I jl ' aj£ 1 i aal j^-laJ («iil 
.Aj3 jVI S.lLa]l j^JJ Lsalj AjSjI o-iLa 4J_fc}aJ cUaC j) 

Ulfi. <Aj SjLa JSl SjaoiaJI AajoaJI j .JLsJ li* jjll La IjjL) (jl VJ 

Aj^aia^a j-aj CjV.1*-» .lie j la La 
<_JjlLa ^JjaI lilloA ^JlilLlj iolli-all AjlSaII jl j-a ol£La-a] £iLl JOE. Jjj_&^ ^ j j-aj 

1 a v^*./« AjIjVI oaLajl ia.V (jC- jill Joa-all Ja.1 jx 

li= q — (8.19) 

. Igjjjj ^ Lajlj tlluil] jLaill si* ^ A"§ II j»o3 jl laa.V 

Cell yield and maintenance l^iablj f Uac 2.3.19 



f<t<\^*,„^ ajLa (J£l joiall AxaS 4_ila Jc-lijl] pUaxlt <_LaLxij t_ aj*J 

(_Lal*-a jc ^>l*a jjAic. .5AllLa]l Cll^Aa-all 4_Jjaiill Ig-iL] L_S^)*J La I J0o£ J 

r x/s = £ (io.i9) 

j-aill Jox-a J ■ aJ LaAic. jAajjj tojlc Cilia JOE. eliaxJI IjA (jl 
(Jja-«J (_5-jLj f^^W ^- k ^ a JJ (j' (J^ 0 ^ .p. Hill ' ; ila (_ial I -la. 1 . '--a^ j ^ _ajll 

.3.19 Jiill ^ jofa _aA La£ (^jC. jill j-aill J-l*-a (J^Lla jjJI ia-Vl 
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AjIjVI t>Ajtl\ liSvLjiuol Ja*-o ■ . "'<j (jl <j£aJ (3.19 Jiili J j 




Jjjw A^a (<7 S ) yti jjfl AjJj^I ajUil lifii^iuil JjjlaJ ^Lj >mi j .ftaJ fjfL» :3-19 

fliafr f 1 "* i J ; fUaxJI Jdbu AjjUjJI jij^ujll jliaJVI ujll« Jlu .<7s ~~ j_ja-a £a 

"A jm ija (JjliJI eUaadl ^jlals" (j"" U^J^ '^J 

{yield exclusive etiLJI e-LLc eUlLub ^jiL-all ajI^JI <=L£ie :L»a j (A51L11 
(observed Zjj^I <£&U J^XJI * LLJIj ( Y em Ua ,^1^1 ^maintenance) 
cr «jauJI) frlLlI e.Ua& jo.Xiflll (Ali^loui ajJjI sjL» JS1 _y/e/(i o/ biomass) 

J*OUI *U«J1 j! j 1 11.19) <1&&mA -ajUJ j^J .(7^) U 

j-aill (Jit« t5 Jc- 
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*x/s — 



(12.19) 



■ : " la n ■ •< La£ tAJUJI AiUiSlI ^ jl j* *laj]l -LuiAl ~ ; ■ aJ j 

Sjk^l jVl Jl >»U IkSfi Jjx* jyCjil! >a Jjjw 3.3.19 

Specific growth rate and uptake rate of non-limiting 
substrates 

^*ii3l £ jl (J (5") SJjiall aJ jVI S^Lail Jjju» V jl ' .'-"-J 

11.19) AJjU-aSI J IkloL <_& jilt Ja*-o j^lc Jj. aaJI aJJ aJ .(8.19) 

At = ^em(<7s - <7m) (13.19) 

(J jj j^s ^ijAil laSj S^jLall AJjVI S-lLoll (Jit* Jj. ^- ^jj LailJ 

j-aill (Jit* (jjLul ^^Ic^tS^ i - \1A • ■') » IjLall jjc. Aj]jVI ^1 j-all ojlc l_ botajj 

tjc-lail] g. UaatSI CijIj j 

^2=^ (14.19) 

Y X/S2 ^ ' 



'/■ 



fag 




j2» 1 * // 



Jj**]| jA q s jl ijjja. cAJaJI Jib Ajjjjjill AdUafl jjl^ia iLlisjU £ j j*j :419 Jl^JI 
£j*jjJj$JI j t(C) OjJjSJl J^V '9na,S f'^"J 'lj* if" \±iH tj* ^ 

tc> fljVl AiUaJ iq ne ,S. <>M ^ i(fU#JI AjIaC ^) (O) ^ja-y^l j t (H) 

qaji fiuial\ ^jj (q m ) fUjil J^i (j* AiUa Jj,uj Lf !c. »y^1hm (jjjj ^Jl j*j ^mAi ^iil 
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t>> <j\l iCulj AjJxj JJsuu fttjauJ) 4x3.111 <frjj^ J US t(/s jJajj LaJje- AiUa 
.<UUatt (jrtjfo'ti AJjjj / j Aj^jVI 4jJJ fl&ill uiIL VI .l*2yl J-la-ij ^ne.S J *7na,S 

L»S 4 JjJj (q na ,s) ifflL^iytfl JSJj j (q ne ,s) Qj? ■ dilfU cAiajj A^uu £jj a^UII j 
j^jil Jjju (jaia *j Lo^ifr ^"'j' "j 'j j^^j'' c2UAj ■ ■■Sf) (^Luiil) u^J^ ^ " Ji"l 

ii£ll$2uilj j^' 'j Ailial! sjaLs Aj]ji sjLa Jl! AjjjaJ 4££1\ f Ua& LaA j jill 

. JjJj Ajiji ajLa (_J£J ^j-v . ..<\f! 

Oxygen uptake rate qj-> > iil Jjjl* 4.3.19 

(JSjuij __pii (jjajoiSbU (J.l*-a (jj-^J lJ 'S^oSuixll ^j)\jyil\ J 

CS^ U^J i ( 14. 1 9) ALIslJI i_Lma, eUaxSI Jyalxi j jajJI J^a aJojJ jj ^£La 
ajLJI gJ i "V ^gC jjll Jjxxll j ^ jill J^aJt (jU t4jjlj AjixJJ alii-all 

Ailj^ll dlj elia-aJI p jl j-a ^il JJJJ <J li*j tUajjJj j^aJj Aj] jVI 

(C-energy j jjj^I AiLLJI ji^ JLa»U ^Jo jl j£aj .aJUJI AjjkJ 
jO iC j^aLi*JI JUJ Ja.1 (_> iiEl§iuiU (jjjjl>a jjl^ai iA source) 

aAoC JJ ■ [eill (jS^SlI J (qs,an) AjLa*J (jSJjll ^1 iAjjjaJI Al&ll Jl H 

^ ■ aL ^jJI J}3.£]l) Ji^Vl I ^ludJ jLaJ La£ .(qs, en ) iAiUall jf ISil Jaj j* S.Vii^ 

J] I ■ aj (SAjujSI AjLc. Jl 
ClliSJj lilLiA (JjjJ xil jJI J .4.19 J'S *ill ,J jj, jA La£ j.<ul] ASUa JjUjjj Jc 
.^j Ajti.lj 'oj£all (jSl iAiUall (J^ajl AjLaC J I^Sa <L aila 

( ?S=q s ,an + qs,en (15.19) 
Ijj ^1 f ^j..aViU AjliJI (Jj2 jja - laHi "J IjJjaii ijll^Jj-t: all jja i aSVl ^J^-^ (jj 

Jc j^ij Laiia.) aj! jVI s^LaII ialailV (oxygense) '^V 1 - 

(JSjJij (_5jliJ! jja i aSVl (j^ijJ fAjJaxll 1 " 'I .'^J jl 'U^w^JJ^M^' ' Jj'^"""^ 
(_^a SjLa Jc jaj] iiiilil .(jj£_aliJI <j_WJ^' J V aA L>° CT U1 ^-' 
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(stoichiometric coefficient) <-W*^« J^M (cis^n) 

: ^o/s 15^ 

90=^5, en + R 0/ s (16.19) 

(j-a lTlOl 6 — 1 jluua i?0/S UJ"^ ( jjSjliSI j^lfr <Lajlij AjLa*lj 

6 mol oxygen ) jj£ jlill ^> S.ia.1 j mole p\mJi *\ j*. <> 

• 1_ gg 1.067 J^Uj U J t (mor 1 glucose 

'(j_JJjSll (jjl jJ sliJl AjLaC. cjSJj ^^Ic (Jjj^aaJI (j^-aJ 

. (JJS jj*-a Ajlkll till f.laill f.Ua& - I i J J i « \ Saadt (jj^J ' " ua ; 

C s q s ,an ( moles C g-'cells h" 1 ) (1-17.19) 
Cx(<7s " q m ) Y em ( moles C g^cells If 1 ) (^-17.19) 



:(17.19) Atal»-all (j« arn^S ^ '^A^J AjjIlilLo (_A (jjJjSlI Clliajj 

q5,an=^(q5- q m ) U (18.19) 
jAx-all j^ifc J j^aaJI ^JJ (16.19) ALU* ,J AbU-all sJA J^J ^*-} 

RO = [q S % (<7S - 9m) ^em] ^0/S (19.19) 

.lljj alii-all Asd-ill AjLaC <! jj^ - -<V < liDlgiJ J.l*_a (jl jA I^A Ax«Al j 
ojaa ^3 j!i£l ^jJa jm li&j .AjIjVI ajLalL Ajjliill Aj.lilll (jc- jiiill <a» ; tLia-jjJj 

. JijS/l <J Slii-all Axioll AjLaC 
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Oxygen transfer rate 



Al Jjau Jjjw 5.3.19 



tojlt j ^'^ ' a ?.! jjl jJJ pLall J jj^- ' "^H (j^JjJ (jj cdlfriuiJ 

^aj) 0.25-0.19 mM JjUj U J 8~6 mg L" 1 <jjj Lj^j >aj ^ jIjjjj 

CIiLia^II ,jjsj ^lijj ^Jj^j L?j'_W ^ (j) ( * " JiuijJl j Sjlj^JI Jc .1<u*j 

(_J£joiJ (jj^uiSVLj JJjjjll ■ . la^j lilli] ij^xull Jc j£jj-a Jaxu j J 1-L/liJI ^jx 
Clllclai (j* j;-^ uiSVI JjiJ Jjx-aa i(Aerobic) _J$JI CAjlaaJI ,J Jj-J jla 
J&VI J kg m" 3 h _1 tjl^.^Vl cfj^J J^«-a) -2»« j]l jj t_Jjlj jj^.^j pi _j4> 

jji^Vl Jj^jj jj^j -oV tj^-a (Parameter) jU*-« j& (mmol l" 1 h" 1 iV jIjj 

<jl£ lij t (3 . 1 9) <ljl»-a (J3 J iaui jll J jjr m£Vt Jy^JJ ^-■■■^ <j£aJ .Jauj jll J 
^l*JI ^j_4xull j . (jj3jj*-a f.1 j^JI (jLlJ^ Jja-aj ^ji-all J t jj? ' "^V^ j^J^ 

La£ _jA jj^- i u£VI J (Jjx-o JJ^ail 

OTR= K L a(C*-Q (20.19) 
jjSjj ja (kg m" 3 ) C t^fl^l) jj^u^Vl JjaJ J*l*l 3& (h 1 ) K L a cLuaj 

m£VI Jy^jJ jjl VI . Jc-^l J *l j$il Cjl&laa J uj-y^VI JJ^JJ 

jj*J .jLkJb jj-v i j <jjLjj^£1I t_iLLaVI qa j3 jla 4 (DOT) i_llla3l 

jjj (jc (m 3 kg" 1 ^1 j^ll ^U^j %) 'l^j^* ^ tH cluljll 

DOT= EC (21.19) 

6 yll 7 y» o^VI jbjj j^ij 1667 14286 Cy* H '^4 ±3 

.<jLa»JI iauij J "'^V 1 u^j^ j*j ' m g I" 1 
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lm\ oJj3 6.3.19 

Specific mass balance equations 

,(5.19) j (4.19) c^A^j tf Ui! W\ jjjj aLU* Jc. UUj 
•DOT j t ( X v ) a^I) ajj^I Aii^lj 4 (5) l&Jt aJjV! si-all j£l ji 

t_buLiLa) ^jVI A_^.jj]l (j-a dl j<a]l (Jj»-a ClAj (JLijj tAjla 11 j 

Jiaj .(22.19) <i&ll <i£ j J jj <tal»-a tJ (kd) (jA^> l£A> 

i jyalill ALLa Liai CjVjU-JI '(1.19 J^j>) Lj^UJI jljjJ ajltj 

^= -Z6X y + nX y - k d X v (22.19) 
f = J (5j- S)-q s X v (23.19) 
^21 = AT La (DOT * - DOT) - q 0 X v H (24.19) 

Continuous culture S jaLui^I 4e jjaII 4.19 

I^jIiaII oj& aa.1 A lajajjj iaju! _all (J^.j<a ,j (jljjaJI Jja-aJj t Jcliall AjjUj 

AitfSJI A_kJ jj Ji.a-a]l <J u^j^' J -^4 ^{Turbidostai) cjLLu jJjjjjjII jJa 
.ajjIj a^.jj ^ 4Ja jja^ Lpl ^-uu La 4 £ j jll (optical density) ajj 

jjjll jjbjaJLi £1 s(pH- auxostat) Cili^jjfiJ -pH SI gij 

OjIj ibja. (jliaja t(Chemostat) CjtLuj^l Lai ^ii^jjaa^j! 

^-axuJ ta^.ali.u.oll ^jlj-all ^ ■ ■ uaj a JJ*^- 0 JJ^I CllUiui j aJ^JIj . (J^j<a]l 

max L> UiJ 5 j' gjki"U V AjSl < max ^C^J Ja*x> "^1 ^ UiUJI j^uj 
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ajV cjtLu^aj^l] ^aio j& pH- auxostat —II jj .j 



•max 



^ 'max /" ^ 



100 




— 1 alSl^a .AjjjaJl 4jj£JI Jj£jjj jaIII Jjju bj i aj .-.1". „j.j<ll Jjxij :5-19 JS^iil 
3jjbu» yJl (22.19) (> 4Jjiil jjljj CiVJbuJ Ja. ^Li Js. 40 

jjSjj isJljji dJjj ^JfrUai jjL SISU^JI (j^Jajj .(24-19) 

10 = S, 1_ Lui jjjJ 10 —J 3o*m jl\ <jW* & 0^ 'JjVi j>4*^l Jj& .5*ijfl jjJa Jits. 

iMiifl j*^! Jjj . 1_ Lui jjJ 20 chj^ J-**- 4 J ' J J! tjj^ j***"^ ilc j»l 

.( 1_ jjJ j»l jc. 15 =5) Jii»ll tj* -4^1 aJUIi J&\ JjSjj ^ ^ 



Chemostat 



CjUL-jai^I 1.4.19 



jlj-a AjJlj-la^o (j^l (Ailiall jJb-a^a) _aA UJ-^i ^* IJlft tlAaC. . 



(25.19) 



5.19 iJS-ui .AjIjVI ^Ij-all (_5.la.lj 4j.lj.la-a (Jjj^ajll ^^Ja. jiui JCj/U n 
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^Liall 'J jSlL-uVI <ULa. (_j (J- 4 *-^ a ^) «"l i ii oil dlLjlxadt ; oS .<ali^a jaj dlVAs-aj 

tjji j l_J jlLs jA (_£^]t tZ) = F / V 4<_Sjiil// ijjbua 'i. >i Cjljjjtlal] f^^W 

(jjl jli Alkali Aii: j AjlilaJj J jla. Jila. ^ T 3 j tDOT '5* 2 '^Y^ 

.1.19 Jj^J! 

i s 

W) jj! ctfi*- 0- (P j .5 2 tDOT tXa) u >Vl c^Lil 

UjU jl jSiutfl 4JU Jjla. liUUHu.! ;1.19 JjiaJI 



MB on biomass ls^-J^I J^l J 

dX F 



— = ax v +/iX v -k d X v — > fl =SD+k d (19.26) 

dt V 

S liK, 

f* = /*n™T— r — S= (19.27) 

S+K s Mmax-M 

MB on limiting substrate ^JjB^I jt£ J 1 

dS F Dr X /s 

- = -(S,-S)-q s X v — ► X v = ^i(S;-S) (19.28) 
dt V n 

MB on DOT JajJI 

dDOT , . uX v H 

= K L o (DOT* - DOT) - q D X v H — > DOT = DOT* - — ( 1 9.29) 

dt Yx/o^lo 

MB on non-limiting substrate »^ j»JI <j&si\ SjI—JI j£ j5 

^ = l(S2:-S2)-q S2 X v -> S2 = S2,--^ (19.30) 

dt V ' x/S2 D 

MB on product e^ 1 j£j 

dP F q P X v 

^ jljaLuVI <SU. ^J3 ttl£La.a3 I kluU ULiia. 2.19 Jj^?JI j; K' 

^l-laJlujI • (<— Sj^)*- 0 alSl^-a £c-alj^)J MATLAB -I l^luil j llllljuij aj£]| 

dltluij aj£ll frlji ^ 1 1 >-\ jjJ ^aJajsji du! jJ £-<a) L-lL aa SI lift 

(chemostat.m MATLAB ^ m-file ^ j^il li* <Ji.i 

.MATLAB _J Sialj ^ "chemostat" >»Vl JU-sb slSU-ll jLs j 
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:el£l-a.Jl l Ji£ t_s jjuo .m-file 






[pL=A\ 3 j t (26.19) KAmA t> jjaJI ■ kjia^fl « 



^UL-j-uSil jljiutf! iSU Sl£UJ MATLABJI 4^ :2.19 Jj^l 



clear an 

kd=0; detta= I ;Mymax=0.8; Ks=O.OI; Yem=0.5; 

qm=O.CK;Si=9:DOTstar= 1 00;Yxo= I ;H= 1 4000; 

KLa=800;S2i=0.5;Yxs2= I 0;alpha=0;beta=0: 

96 make an x column vector 

D=0.05:O.OI:l; 

D=D'; 

96 y- vectors according to models: 

My=delta*D+kd; 

S=My*Ks . /(Mymax-My); 

S(find(S<0))=Si; 96 correction for boundary conditions 

S(find(S>Si))=Si; 96 correction for boundary conditions 

Yxs=My*Yem . /(My+Yem'qm); 

Xv=D 7My *Yxs *(Si-S): 

Xd=kd*Xv . /(delta »D); 

D OT = DOT star- My . /Yxo *Xv*H/KLa; 

S2=S2i-My . /Yxs2 *Xv . /D; 

rXv=My *Xv; 

qp=alpha*My+beta; 96 Luedeking-Piret model 
P=qp .*Xv./D; 

96 make matrix with y-variables in columns 

y=fS. Xv,Xd,DOT,S2.rXv.P]; 

96 enter scale max for each variable 

ymax=[ I O. I O. I O. I OO, 1 . 1 0,5]: 

96 scale values to a O— I OO scale 

for i= I :length(ymax) 

yscaled(:.i)=y(:.i)/ymax(i)* I OO: 
end 

96 make plots and labels 
yp lot= p I ot ( D.yscal ed) ; 
setCgca/YLim'.CO I OO]) 
XLabel("D (/h) - ) 
YL_abel('rel. values') 

trtle('Simulation of steady-state in a chemostat") 

legend ('SrO I 0'. Xv:0^ I OVXcfcO- I 0\DOT:0- 1 0O\'S2:O- 1 '."A 

i rv -p-n— 1 ;^ 
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UJ^ t> £jj is* /"max — 5 LjjLui* £J^I t_jjaaall Ja«^ 4il 
.((5 = 1) jljj.il! S^lcJ 4_lLaC jjj (j-a j <^} = 0) Lj^^ ^ J-° 

j^a 1 ajaA,->\l L_Jjj3j LaJuc . n a JJC- 1 IjtLjj ajSlI ^ J ■ aj tLsjflaJ 

«LajoiLaJ 4-ajall 

4-aj3 (JjLi. (j-a Lk.lj.laJ ^JJ ■ lltLujajSl! ,j S.llLall 4_il jV! ajLal! JJ^JJ j! 
JiLA j! JJC. iAjljtfl SjUII j£jJ £5 _ll JS iiUil .^5 

,^^aJ| 1 <Mo^"^t Jit-a jx i—Jjisj (jl ^1 ^ JJ 1 g ajijlj ^^SJJ ' LliaJil! 

' aja^jj] CjV.l*-a (_ji<9 ^^Ic. I ■ "*» CiAj _j& U^iLiJI jj^jj (jl 

■ ■ llmj 4jlSJja1I II 'aja-vMI d)V.l*-a j-a J£ -lie 4x.^ij j'^n jj 

■ ■ IfuiJ 2 , ;-o^ \A\ j i^j^oW aJjLall AjIjVI ajLall £3JJa1! jj£jill 
jlp^l L-llfrt <J JiaiLall AJJJ2JI <1&1I *Uaft (jitiaj j L£UJ Cj _j-a 
4l}-all l£UJI Jj£! f^ljJJ .(a51L11 a J-alal!) A51L1I AjjVl ajlall J laluAj 
jV J ■ ^'-^ La ' Lliaj ClVia-a (_J.ll tJa jaAxIl LtiLiJI Cll_j<a <ULa. ^ 

< (^ 1 aia Lull! oi* ' biiajll ClV^s«-a Aic j aljjj AjaJI livLiJ! 
t foVt U^iu .lie (X y / ^y"^Yd)) £ J J^ e-lbj £iijJ <j^aJ 

. (tiAj ikfi i i m s c - <-llJ-all UJ-^J Lj' -^J^) ^-^J- 0 

4j jiiJI t< Lia^jlt J-lJt-a £-a L-luil jj a. JSjIlj j tLiijaj Ajjj 4_j| 

CIjjIj 1 aKa . j-ajll jill jA*-a]l j AjjJiJI <1&1I jj^JJ ^^le .laJau ^glill 
J 13) liUjjj .^t jjau^Vl tSEj^luil J^<-a CjIj ^jift! L^LkJI 2Us.bjJ 
^jjj Jj^JJ LlltLui JA^I (jji it—ilUI jjf m^Vl Jj^J J^*-a L_S jj 

Q.'T 1 1 "^1 ^ J-^-o dltlm 
jjSjJ jl (DOT 11 l-ifr La) aJjla jjill AjIjVI ajLall JJ^Jj jl 

li] . Ls lc-\ JJ^JJ c5^C-(a JJ*il) 4j| VJ AjIjVI 'ai-all 

t5^J '-j i(S[ -laaa) JaAoJI a Ijiail AjIjVI o^Lall JJ^JJ 

j-a p _jj Ljj3 aJI^ La-a taJjLa 

aJjVI a^LaJI Ac j2>. 4iLja] j^ajj .(shifted) JjiJ AjJ J w all 
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.AjjjjiLaJI SjyLaJl 4j]jVI o-lLall ^ Clil£ La IjJ jLui-V jj aLall a & all 
ojLjj£ laJ ^Jjl] Z^Ajtl) 4 jl aHmVI J tilli j^i ^jj 

4jU>LuVI oAA Jla jl^aa jl jja. <^ 'DOT II <J j al La j| j] LlJLsJI 

.aAlLall iJJ^\ AjJjVI Jljxll (_>a*j (jl ^^Je Jaj 
Jj^ dlLjSjaJ p t _ylc J^£l -i-aJX-J dltlui J-4J^1I ^''"11 jj£jp (jl 

(Luedeking Piret model) ^jjj £A>«j ' v^j L»S gSiaJI 

aL^lJI cjUjialli .(1.19 Jj^?. tMATLAB —II S (J jljala) 

CiLaJilall jjSjJ jj/ 4 Cjllui j-<u^]l (_-i ^lliVI <uLa*J <La«.^La ja£VI _»Ai3Lj 
' L IftaJ Cj^^ua (J A * ■ ' a ^_")~. <*ooJ. a gAi ad _j-ajll ^.IxJ 4Aj olajt 

j "-.a-^ * i (J^x<a (_g^J AjIIc- "Uaa^Lall jj£l ji]l jj£j La.lic.j .Ajllc- 

4 Lj ■ '— oAjlij a , '-.aA. \ * a j-vl" il LgjS, J j. ^i-. II ^jj tij^'ii -all 4x^jJ)-a]l 

glial] JJ^JJ t^£-i u ^ , *"' ^^1 tSlii-all AjtiJI AjLaxj 4_jjl£a 



15. 
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= 1.6 g g *h ibUufl si* dHaj .^Hu^uS 10-1 JUa o-Uihr stsu^ :6.19 Jiilt 

£jj (> j Ajla. Cilaj sjiua <>jll lie . Y X \ S =0.36gg _1 J 'A§ = 0.01 g l" 1 , 'axm SQ 
i ^jjjfr ^'^ *" j^-!aj .JaAd Y\y.v = 0.46 gg ' <-iljaJI A^alL LiAi SlSl^aJI ^ JJ-O^ 

jjla jiij ton ^jiji ^ V aS\ VI i<|JeUaj jaL jaUafl J (log N2) N2 
.(X2) jSUJ) «0a-. Ja, j JjjS ja (XI) o^bU! ^jSj L>^c 200 ^ ja, j«j Ji* ^UU 

AjiiJI ClLlLaCj Ajti^ll CllULaxJ AjjlLa CjULjij aj£Ij 4 1\£ n\\ aAjJo^\ jl 

I tiilb ^1 4iUiaj .^jiij^yaJI ^Lu^l SliiJI 
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(J.l*-a i _ s lc AaAj iajjjoj t— laj j-ali 4_i2 L£)LiJI <jV ^Jji)^S\ L_ajUaj ^le ^ ■ " la ill 
t -fc1 li all J laAuiVI (Jlc-I <_£a1I L-lLa-i ajVI La! . (jjiLib AiLl£j j-aj 

dltLuij^ajSlI Aj 2j la a3 . ^^joiIJj (_3^ju1j ^gilail jl_)SAu)VI j»ac. ja3 ' llLlmj aj£ll 
J_43U li* . Cjl^jilall (j-a AauiI ■ aa il ^^asj 4(_>ajVI af> a / j Aalsj ail Aai.hL.hV I 

.AaIjVI o-iLall Jy£jJj jaiII (J.lx-a (jAl (jjljJ jj^-J Aijaa. Jl 

(jli tgALall (jx 0JAl£ C lL-a£ J -^JSaI (j^^L t-AtiLllI £j Ijl LaJjj 

^ajaj 6.19 (JSjill . AauiSLu AjLiaal £CAaJ gALall (JjS **' (_>alai jl (Jjjp (^ill 'ijilal! 

cilllaa ^1 *W3 110 (£. CO//) ^^Vl AjjjljSH LjaSaII (> ClLlLx* ^a Vila 
ALajMj JLaJ Ait Lat . AlajiL JJ& (j* Aj^JaJI aJj£1S pUaC (_LaU!a 0.46g g"' 
cal£la_al! ,J j . 0.35 g g" 1 ^) p'^Xi «-UaxJI (_LaU!a jli cTZZ2 jii JJJ ^LuV 
200 Jl _aa. A*Jj talaLa all c-Al AlC Cj^Ja ALaj!)Ll (jj-1 (j-a SasJj Ajla. (jl (_pajl?l 
^cAAall (jjl£ll (J^- 4 L^ (Ja.j t AjuiaLvajl J ^JjjISJI I A* J LaJ i a AcLu: 

Fed-batch culture 51 iLal! A*ao5l £ J> 5.19 

( _ s a!I kalAi-aJI AjlSaII dlLlLttjU oLajoK Aac.1 1) all jj aaAll t"llj\«r. aJaa a 
a-iLall dlLijSLa (j-a AaJj Cilia J (dllxij Je AaIjI s^La JjK «; Aja*j i"llj\«r. 
JAC. jiuill ^gA eliill AaSjVI 'ajLall jjAJ La LilLo . j-aill Jo*-al I ';*'- jjfL Ajl jVI 
(j£-aJ La JA4J LxijJ-a AaIjVI O^LaJI JA^JJ (j_a^J (jl (JjIaIaII (j-a J i(J-al£ll Jajj_a]l 
jj£l jjj j£j^j (JjlLa-a LiiLc. aAaAuU iaIIaI aa - SI o-jL j (_>aA4aj (Ja.1 j-a Laiilaj 
(Vjl iSlii-aJI A»iAll AAA9J JLaJtluiV (jl-lulAJJ (jLlljjo lilljA .%50 J 30 (jAJ ^jljJJ 

■ ■ llaJ (Ja.1 (j^i tJszUlll iJjiuii Lm a 1 ^-L^J ^J^' SjLaJI AjJjAa-a j»JA9J 

AjJjAa-aJ lAAa.ljj tLliljj (jAa ■ aSVI (J _jajj Aj^ulll I - 'J - ^ (j-a aLjiAIaJI CllljJjAa-a 
^A^ll i"i1j\flr. ■ ■ '''7-"' (j^-aJ I * IAa J t^^j^ajVI lafi all ' "j"' ' aJ ^AaIjVI ajLaJI 

.(Sugar over- flow metabolism) j^j^' iajiaJI jUI (j^jl j 

(j£aJ V lillilj (jljSiuiVI Ala. JJ olli-aJI AjiSaII ClLLaC. (_L^J (jl 

Lille L-laJ (lillj (jC Lia jC. .O^ttAuLall ^ jl j-all -La najl (jAll a all ~i laAull 
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S-ili-j (jjj (jxi i .j ~j<N (J 2 „.v^i...»ti AijUa-a ,Jk t(5.19) <tal*-a 

2V«<tt (jjl jj ClV^U-a -I l4."u„l ,j£aj t ^ = 1 (4.19) aLU-o 'LjljJ-1 

i—lLuia. SiC <j| VJ .olii-all 3.19 JjiaJt (J J^-"-^ 

pUafe jl^ajl JJJfil (13.19) <hl*-a]l ^l^kiuil t_JaJ Ajls ((^Cjill j-aiJI J^t-a 

Jja-a) AJjlaJI SjLjj <_J.J 4jJ^ 3J^£J1 



Slii^l 4*i.ifl SISU^ MATLAB CjLLua :3.19 Jj.iaJ 



File name: FBstart 



r leiama 



SSFBstart Initation file for fed-batch smulation 
% Requires a separate model file 
Cta a 
global y2 

y2=[\% for storage non-diff equation variables 

tspan=[0 50]%% time scale 

% enter initial values and locate r column vector 

X=05; 
S=0.l; 
V=40; 
y=[XS:V]; 

% call ODEsolver and the model file 

[t y]=ODE23sfFBmodel.tspar.y); 

% option if non-diff eq. solutions are included 

ifisempty(y2)==0 

% eliminate duplicates 

y2(find(diff(y2(; I ))<diff(tspany 1 000);)=Q 

y2(find(difr(y2(;l))<0);)=[J 

96match to y-vector size 

y2=nterp I (y2(:. I ).y2( J:length(y2( I ;))).t); 

% merge with y-vector 

end 

% scale max values for scaling in graph 
ymax=[ 1 00. 1 . 1 00. 1 . 1 J% XS.VF.My 
% scale values to a 0- 1 00 scale 
for i= I :length(ymax) 
yscaled(:.i)=y(:.i)/ymax(i)* 100; 
end 

Xptot and label 
yplot=plot(tyscaled); 
set(gca,'YlJm'^0 100]) 

legendCX: 0- 1 00 g/L7S: 0- 1 g/L'.V: 0- 1 00L'. . . . 
T:0-IL/hVMyO-l /h") 
xlabel (time (hrs)] 

titlefFed-batch with exponential/constant feed") 
flgure(gcf) 



function dydt=FBmodel(ty) 
% Model file to be initiated by FBstartm 
% extract vanables from y-vector 
global y2 

X=y(l): 

s=y(2); 

V=y(3); 
^Constants 
qSmax= 1 .6; 
Ks=0.l; 
qT=C.C^; 
Yem=05; 
Si=500; 
F0=0.03; 
SFR=0.3; 
Frax=C 8; 
^Algorithm 
F=Ffrexp(SFR*t): 
if F>Fmax 
F=Fmax; 
end 

qS=qSmax , S/(S+Ks); 

My=(qS-qm)*Yem; 

dXdt=-F/VX+My*X 

dSdt=F/V(Si-S)-qS*X 

dVdt=F; 

% mate a dydt -column vector 
dydt=[dXdt dSdt dVdt]; 
% store non-diff variables in y2 
y2=[y2;[t,F.My]I 
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.(19.19) 4H~.4.19 J^l 

<-_sLa a l^luij ^jjf ' liDLgJjj! j (jlj_)aJI Ja^Lall (j^aJ^/l 4_La ^^jSlmxH j 

AjLbliill ALU-all Ik. ^jiuulj (ajJjS/I) Jajjjill *Ua&V Fbstart.m 

dJliill jk^l J) MATLAB <> ODE23S 
£^a*. j .Fbmodel.m ac-Lo^all c_kLall ^ duljill j ^i^a-aill oV-sla-all 
£ iml.Fbmode ,J y2matrix ^ WA*"^ ^ cjljjiiaJI 

Clsl.lJ.laJ i_Jj£j Cliia. (15 jiaxull ^) FbstarPm < aLail ^1 ^aall g-alijj 

.7.19 JSjill ,J 4_iia Jj*-a A^iiill .^UJI ("*J^ 



1 oo 



BO 



60 



20 



































>6 









10 2C 3 0 



- : ■ 
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Aj jljj ^liliili A^uli (Z 1 ) Ajjtill Jjaca ijj .3-19 Jj-^ CiLiLuii £a Silica :719 <J£«JI 

JaliaJJ .// max (> Jai ^jfrluii jLuu F jj j jft .(inoculums) ^lilJ liWL^iutfl Jj*-^ 
U^jjaj Uxu SLSL^aSI o^J*-' .(»l£l^»lt »ja j - ■ ^ » jjc- DOT) Ija, *« DOT ulli^l 
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High cell density culture WsA £ J> 1.5.19 

ojila AjjJaJI aJl£1\ j^ 1.1a. Ajllc- jj£l JJ JJ _j]l 4jjl£-aJ 

j£<aJ . (JjAjuSlISI j-a LSJ^ -JaL&jl ij^ j^> ^ ->l"l« JJC. toloi-all 4ji3.l]l o j 

^llkjl La J»of J' <aaJ (j! t7. 19 J^>*fl <J ^jj^ 4jj£]I j^J^ CS ' " <J-^ t>* 
jalj tAj-lili]! (JJx-a £-a (-lull "' aj j-aium (J^xij -Ijjj. 'SiJ^^ AJjSjl jj^JJ jL) 
ol-li-all (jl 4j_ali. JJ J jll J^="jj jl -iaSS (jS-aJ 

|jj |j£A j .Ig-jil J j^a jll j£aj Jill 4JjlaJ! AiljSlI 4-iuulb jja-a 1 i aj) ^Js 
(jl j£-aJ CjljJjliill j<a Ij-lE. jli il.la. 4j]lc. Ja. 4_iLa*]l jj.laJ aJ 

jli ijSjjJI J!La tJaaS o.la.1 j 4j]jI ojLa Je (_£ jiaj ^IjiJI jl£ IjJ Lai .4jal jj 

JjVI *jUiuVI jj£ dllil .^L>l r 1 ^L>1& 

<Jj£ ^ jjliaall AjJjVI jlj-all AjLoia. (j^-aJ ■ "'J-^ j . Cjli j£-a]l jj£ljj SjLjj 

tilLiA .4*3^11 i_!jlaj J 0JJ.laJ j£-aJ (_£j]l ' f Uaa SI (J^aLoa (J^La, j-a oJ.la-a Ajjja. 
J§ ^Xa!U 1.1a. J-*]l <4^J^ L$ f»^' ClULaC. 

j»Lill j£-aJ jli (_£jaVI A *yf^ j"' L "V^ J AjLaC JJ IjJ^- 0 j' ^ aAa jj^J 

L5 j' J^-i cJ-^*-- 0 J*- J C_)L)j£-a]l aaA -I laJlml ^-A I i <aJI IgJ 

.'oJjLa AjI jl ^l_a^i 

4jta^l| 4 jLaC. (JvLi ^^C^aill _o-aj]l J^aoa LiaJjJj j la h 1^ SI j^S^I lajj aJ 

jA La£ ijjxi^ll ^-a JJJJ AjjJaJI <1j^]I JJ^JJ (jV itlulj Aj^su J-^*- 0 o\^kjel\ 
Laiic (.J^iaj i 'jj^JJ ^JLiA (jl ^j-ic- J-lj La-a .7.19 (J^ill ^ (jli-« 

.'il^i-a]l <xi^ll <Lejj-a i aja^'ti j^jt* j-a ^ S-lJJ^j 

j^aj JalLaJI ^-all (j-a tAjJlfr Ajjii. (kg) cs^j Jj^-ajJI lM (j- 0 

(J jj-a_all (J^.1 (j^i Ajl La£ .^aj^a AjAju (J^aoa j <aSa J a slL Jc jl£-aVI 
j^L L^ai lj^>a 4jA«j]I J jla a jj^J jl ' . t(kg 111" 3 ) AjIIc Ajjli. 
^a AjC.1 li aj| (— iLjLaaJI J .AjAijll (jxi ^cjlill I Liaall j'-^j'-*-""' j-a jl£-aVI 
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(_gjaJ 3 SaAo .ll j-aj ^^LaV (j-a 4_l]lx]l ju£ljlll JclLJI ^'jJJ (jl 

(jl La£ . slajll L5^jy ^S^- 3 *^ cir 1 ? (j- 0 ^XmlIuk JJC. (JjojaSI ^ aJ_ca._c* 

SljLtD kflall £jl> ^ ^JeluaSit iajJa 2.5.19 
Control of exponential growth in fed-batch culture 

4^i9j (Jl o*'V aV (jl 1 1 al ■ al (jLi±uj cdLiA 
jjLj ya. iaJ i '--I \_ljUj_3 t<jja i jl (jja i a^fl (Jliiilj AaLtlaJI 4 i a it ClAj.lj.la-a 
^ iaJ V t4-u 1 1^ II CjLjJj.la-a 4-1...l1SLi . ^jlgJI ajJajdS jl Ja_)iall (_pajVI 

J-a*J 4-lLaxJI J*a. (jS-aJ Ia! talAi-aJI <Luaj JLa*2u)V iaSS i_lfui3l jA lift 

.4-lA j la all £y> t_ ll jiiaVI ^^Aa. Jauijll ClAjjJa a J£ (_>ajli £-a oAaJ 4ji3a3! 4jLa*£ 
4jUr. ,jxs AaJ ■ . Ijliaajl <jj£ 4jla. ^ t^L^yaJI Jajiall (j^aJ^I ^gJJ 4_iuii]lj La! 
^gC- Vl » aj Ia^J l<LaLui dll alia ^llil ' . liaAl ^lila tAjLaxJI Ala (_>W^' 

(^Ajj La-a i!)L^al (_>«aia Lall --^IN gHuiVI (J.A*-a] Ll jlj-a j llAj AjAsu (J,A*-a Aja.j 
j^jj ^jj (J- 9 *-^ _>& ^ IS *■ all oAgJ (Jail .^Ia JJC. (j-a 4 i aia ' a 4ja.l2jj 

AjAsU jA*_a Jl nr'u nL Sajj i <a a (dljlj t^C_jj j^j Ajc (S tol i aJ 

.(jLljaJI JajLall (j^aJ^U Aa.jaJI <xua]l ClaJ <JjVI o^Lall j^JJ ^l^V i ala 
UJ? '"^Vl (JlSjjl Aajjj (jli ' tol i aJ a ^jjf mSjU liO gljuat J^a-a li* jjVj 

AjAtuB L-laJ lilliil .AjaUJI AjdA\ <CjJva <J La£ t<jal£ JJ& Ijisd jjoj 
Ajajjl jlui^l tsAA 4jA»j]I 4jajjlj!Lul (jl AjAju (J^aj (jl S tol i aJ all 

(j^aiidAll (JjjljjVI (JjS J A*ijj-a]l Aja.llj'yi - 1 '--I 4 a laJL-j all Aja.j_4Ai!l 
AaJbtx ^ 4_aAiJluiA]l Ajajjl jJjjV I 1 i ajl Lgjl La£ 'JU^' 'J^ 4 ^ ^J^ r - 
. Cjlli^bU Ja jiall Jjluall t_lU2a.V (E.Coli) AjIjjj^I Ajjjljall 
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ojli*J! ^liiiuiV j .8.19 cJ^j^oJi al£1 a el\ <_£>Li. j-a (jjajjsus I.1ia]I jj 



f t = F - (5, - S) - q s X = 0 



10 160 



\dot v 
\ x 




F /\ / 




F A- 




s 


^^y^-jtf ^ s 



(33.19) 

0.2r0.5rlOO 



0 5 10 15 0 5 10 15 20 

t t 

.S. cerevisiae S jj^JI 4^JU-« u^ja-it Jaji^l iaj^a SLSl^a :819 Jlill 

.(^lAjl! 44a, t>» jjll till! / J 0-25 h -1 j jLutJ! 44a. 4e. jjA 
: F i^V aU*-1I 0 iA ±L,k J jlaj i Si» S jV 



F = 



(34.19) 



£A Lj^C-Lk^J Aljj (jl I ■ <ajl ' . 'fj F t j-ajll £-a .Ijjj XV jV j£J J 

(XV)= (XV) 0 e Mt (35.19) 

.lie j (AjIjSM) 4_iL^Vl ^Lajlii cs le jUjj /j 0 (jljU.nll jl j-ajll i_ua 
J (34.19) jjatal*-aJI fjJa JMk t> J jj^aaJI «JJ .Jtiall (^le j^jll 
j-a b!>UJI j£-aJ (fljll j-ajll Ls ^ A<usJ»ll Ajiijll jljja. J^a-a t(35.19) 

^jCjill j-aj]l J.l*_a ^gJc. _axu]l 
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F(t)= |(XV) 0 e^ (36.19) 
F^Foe 111 (37.19) 

J" 



j-aj (Jataj AjLasJI o^A i3j. (j^ ' -^X/S " ^ ^"*^ (J^ala-a <JI_jlaj .8.19 

SjAasJj (E.COll) 4_£jjJiVI 4jj jljall qa J£ ^ U^jja^ JajLal! 

Yx/s j^'iI (lillj j*j t0.3 h _1 <-ajall ju CikLj La^jc S.cerevisia 

.Clllilll j-ajll (Jj*-a tjSaJ j jjxj 

t^Jaij ^JUi^ Ajiij jA«-a Jla*2Jj ja S.cerevisia 6 jj-aiJj (E.coli) 
sjUI jj \±y 1*.) Ui .%30-20 Jlj*. o* DOT _J lJ jSI ±c 
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Further reading 



4JL±\ cAp\ J 6.19 
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Enzyme Biotechnology 

Randy M. Berka ^ 
Novozymes Biotech, Inc., USA cjLV^I ^jjaJ ijHiD >jjjajj 

Joel R. Cherry ^ • J ck» 

Novozymes Biotech, Inc., USA -^ jr" >jjjflj: as^S 

Introduction A-ajLUI 1.20 

J , ^"al— i-.l /;^S/I ij» i oil ^jlc. <LalgJI llAj-la^ll ^ Ijat a ala ait 4_aJ jj 
c<Lal<e '^JJJJ 4-alajl J I 111 ij\£3l qa £^ljjl Lj^Jfi^J 'L^J^J 3 ^' jJjla.Yl£ 
IgJtAj a (J£Lulo o^A J£ .(_£jiJ A-ulo-lLi Jjl^aj olxall j aSjj t Aj ^t'iII ejjjj 

jjIjaII (j^aSllj Aj3 Jj^I jJJ (_£j]I dl3 j]l t _ 5 i2 ~ J^"'.'" V jla. 1 . lliajlj tjjLmjVI 
Aj.uiL.iiV I CiLiaaklil jaJ jl .CjIjjL&II j ^jSjl^iuLall jjc- jjl jli 3 *'j coll AjwjJall 
iLiA i_g&J .Ailiall LJJajj Ujjjljj 46jjjai. ClLaJlLa jjjjalj ^_JLojj (JjSLuball 

^L-a 1 1878 ^LJI J tJ.'°"' 1 " a JJJJ (jl Upc-Uaiulj j^ill CjLajjjYI 

lEnzumos j jjj ajjU jJI 3-aKll ^> Enzyme ^ jjl ^Dt.^n Ktihne aia j£ 

Jl JJ qu3 I - U ^ SI laj aVI Lai SjXaaJI AJajml jj j^aJI j"-^"' JJjS jll 

j»JJ . Li^laJI J AjjLvajSlI Clinic laill tijjja. (J$-u2 ' " 'I '/'JJ.' AjjA J "SiJ^ 3 ^ CjI jliaJI 
^^Je CllLajjiVlj a \.'.'^ ASJjj^aj tUujJij *U V'it Ja JJjjj ' IjLajjjl a j&a all Cj^lclij]! 
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C-Lall j£A g "u rl j3 jj j 4(JjJaSl (J£jjU ^LkJI jIjaII - laJluij Lpl La£ d^;^ fcdjLuU 

.<LaLui 4_ul_uu£ ' liLj aC. (Ja-a (Jaj La LJLi j iAiUallj 



BASF CLJUJl) 4% 
\ / Dan 




Danisco/Genencor (si^in /Sas^ji cljj 
17% 



Novozymescd^oJi) 45 c = 

J -^J^ <«-™ 1 — 'LjJ^'j L'J-'"'^.'^ 4 — 'Lajjul jj nJliLall (Jjfui Jcj 

La La jj (jS^uJI j^sj .Ajjj^ll jjjj^ll 'ijJ^J 4i jjjiaII jjjJjII a-llcl Ajlax] AjjjjjJa 
tjjiallj i'sjill i " ^ o\-* aS iAjijLij]! dllila all (Jjjail AxajjjaJI CjLajjjYI o^A i jl 
AjjLiaj£ JojLuij xjj ■ aJ ^gi - lalmJ AJaJjoU jjJj^ ' " ^ .'^ J "J -^J^J ' (_pjLiaJI j 

. (JjjOill (j^s ^ J' - "' 1 " Cl^iJ^ J 1 "" Li^LaJcl (_pajiij Jj l£-}jJ Lax iAjj! jj j 

^Ijjjj jf^JI Ac! j I r-\J ^tiij (Ja.1 (j* JJ"'-"'^ t"\\y\ «<-. iJILO l^*. ..I 

J^Lk Jiaajll Ua. jl jLuaiV! AjujI jJI JLkjVI j£l -^J^l J?^ J ja^i 

jlilll LaA jxjil (j-a (jJ^SC .IxJ 4jjljj]l A ■ H (Jjiaj ^ i f-il all jjfill (jx CjLjjiuill 
4jjjuSLa3t Ajj^-al! CjLijI£]I (jj .tllLajjjVI <LcLu^ ^ i - 1 IslJj a all £jjjj]| «.ljj Lil£ 

^ A-ajiUI CjLajjiiS ^jLJI ji^aJI jVI ^ Recombinant microorganisms 

I N jSj i a a - Sal i a Aa. j!ill liA jl ^^.j^ll jx j .'ijjiiS j Ac jlla ^CjliniaJ^ CjVLutluil 

cjLaj jjVl ^jiij Genetic manipulation ^gj^l ^jc^jII aJ j^ i_u«j lilli j 

^llij jj .Aijlalaj 4j jliiLa I " } JJj J j^.j-all Ajj^a-all I 111 jjl£ll (JvLi jx sjijllall 
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Ajtaill i •qVu", a c^Vi a <\ jt-.l ^ i " \ \\ *t~. ^3 Ajuj lail ^3 6.1^^^-a (_]jLujj (jl ajij i >il ^Jl 
f I j, UA. \l j ^4_uUlj »l j^^ll AjjjaJI Ajtaill ^lilLuiij jo fil . >i nil 11 
J>Li. (j^ J i ^."S^lj Ainll (jx (J£ ^ AjjLa-iJ diljiilj till] aj i^Ajcljjll) 
Alui£jl ^jjlii CAjU-ljl j AjIjVI ^1 J-all liE^LgiJ J 4AiUaII J lazuli 4-JL*i 

Global market for enzymes cjLujjSl! kiAal] <j>J 1.1.20 

mxajl J jSxll (J^lL "Lpl ii ait ClLajjjYI (j^s 4-LaJUJI Cjl.ll jjYI Clbaj ^al 

%12 aauuj 2 r v '-" ^WjpVl ^ i^J L£ .2008 Jjl^ ^^a! jV>> 

jj LJIa. 4_L^p-La A£jxu 400 ^JJ^j fcdliAj .AjjJaLall jJutl! CllljiuJI (_£>La. Ljjiui 

j£\ (LsIja) DSM j 4 (bjlJ) BASF j *(*jSjj-VI SjaUl cjLjV jllj 
t> %73 Atli^ll 

CjUujjVl ;> AiJI ^fl jilu: jrLul .(1.20 JLUI) cr^^l 

■^fll.in cj^j .^UJ ^ %15j ^L&j-Vl Sj^U cjLjY jll ^ %15j ^jjj ^ 
.flLJ jrtijj t> %30 WjjJj aAjj-VI S^1«3I cjLjV jll c> <J£ 

y a i aUJ Ajjaj dlVLfttJli.iiV o^*-a A£.Lia1I CjLaJ_)jV (j-a %63 • 

.^gJLa^V' dUjull aa - (j^s %31 
jaIII ^jSl i(%6) I J^t.i.^ Icliai JlLajS dUljJiJI ' ale. CllLajJjjl Lai • 
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Development of produces strains ^>'ull c^l'%A\ jjjlai2.20 

Screening from nature's diversity 4t nhfl £jZ <> kLJA\ 1.2.20 

si* Jaaa iUla Lac jjSl 4<JjIa S.j.HI 4 ^..'jar ^ <— iUjISII p jlj jj 

'it Ml Jj-afL lilljl ^ CllLal jaJiuiV LaLco Aislj-a dlLajjjl -jail (_£jll jA t_jljjl£ll 

_ojjll I g a lib ^^jll _jll i_jL<u I (jjj (j^i (JLfttJii.nl (J£l (JjJaiVI ^jjjYI 

dljjl£ll (jx CjLnxll i flVI jLiiaL La.j j-aj ('"'^ ill J ALjill Ijjj .Ijj£ j£ ( _ ? ]c. <_$ jJaJI 

lilljj 4 At _jlia ^ jj CjLc j"-^- a (jx jl AjxJjla '"'^'J,' (j^s I^t ^-^ ^»j ^jll Ajj^ all 
AjjUxall iajjjill CiaJ AjjC-jaII jjaajll Ajllxi (_£-lj)J j^I CjLajjjVI c^Uj (j£J*J 
^jjj^U AjjoiLia ajjL*_a __UjJaJ ^jjjjJall l ^_ya Ajlill ojgJj .J J - oiLalt (JLaaJjoiVI ^ 
^£Lall protease jjJJjJill fjjjl (jjflj jii iilla \j. alall JLa,TJ..j:Ylj ^gja^ll 
Ijjt tillj aj Lajjjl ' a 1 "°*' ' " 'J^ 1 "- J ^-?\J J CS^" cJj-'-'^-H ' "J^*"'"' J-° -I i.N \ 

10 J] 5 <jJJ £ j'jJJ ^->^>J J -^c-j '^Jjl^ '—a j _>la ^ jajll jj* IjjjS 

I— laJI) Ajjjc. jli i^tjlLjj .Cllliliiall Jja.jJj iAjjia ( - ll t JJ 

Aj jLall AjibsaVI (jc- (jJJj^ll All jl aa a (_yiJSJ SjjIjca ' ■ lUajj jS ^jjjVI IjA (Jxa ((jc- 
J ja.jjj JUI pH u'J? JJ \^ f^J$ J 'AjJa&aj^ll Sjl^pJI CjLa.jJ (J£ jjc LgJ 

AjIc. a ■ aJ iUa-jj^j . (Jj.uit.1I 'ijjj (j-oj SjJ3 (_£.la ( _ s lc tilljj AjjLj ajSlt dllilalall 

; C _ ? L La CllLajJpVI ALjC- ^ A-ajiioi-al! CiIjjVI 

Cllljjl£ll (j-a 'ijJjS CjlcjAa-aJ ojId ^ajjjVI CjISjjoi laijaJ llAc j*-? * • 
.AjjjIIj --Llall Cjja. (yi At _jiLa jjSLal (j-a LjJtJxaJ i£ J*- j^jll Aj^ alt 

Aili 4A*jj]all Jja. j-all ^ j£U Ajc. jjll CiUlUill Aija-al : t-lL^LYI C^LnSj • 
Jaj jjj (jjjaAjl! (J.a,Tj.uLi t-Jja .(_3^ J U^^^ 0 (jr^" ^"J. ™ dlijjVI IjJ-a (JjjlaJ 
pH ^ ija j j ^ II ^Sjllj sjl^pJI Aj^jjj 4i_jljji-all Aja.Li £ja A l-j 1 ' iaa 
1— iL ^-^yi Ajjsj a i eaJJ j3 a «jI CjIjjL^II (j^ i la a I tli q jaj jjiajl 

Mia) CjIjjLSII (> lyli. Alalia aJ AjjliijVI £jt jvaJI aiA (Inoculating) jjalj 
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.AJUil! siA lilSlaJ (Jll CjLajjjVI jrllij 

dla y La _»A AjIc J' La (jj" 4 C.1 2 ■ all ^ £jLuo JlLa Alii '.ajjjuall <jiaj 

^La-lV (gjuiLoil ^al _aA 4-UiLi.n Clljjl*-a JLajtiulj (il!>l!Lal (jli lilSil t"<ic. 
0.}LaSLl 4ijJ j 4i_ptxi ' . <\U"m 1 j .A^ui^aSI CllLajJjjVI (JJJ (j-a (_Lia3VI 

(j-ajj (j'J^ JJ - ^^' J "^J^) Jc-Llill J 'fij^-^ "S^J^I 

.(j_aJ^)ll JjJaLo _a& Laj (JelaiJI 

(j-a 4£._4lLa Clllc. j a ClLajjjVI dl£jjuj .lljj '. ' "'I Lla " 1 1jLn£^a 

cDNA ^«la]l DNA —SI cjUil* J/j aL>11 s>UJI DNA _SI cAi&a 

'"^ oj& <fLa<aSI I - )1 JJa SI JiJj La ajlx. ^JJ^f " t — lLul£ (j-a 4iJj)-a]l 

Surrogate host microorganisms aIu^ 4jj$^> cjLul£ Jib 
' Saccharomyces cereviciaei j^K) Ljii* L^a t-ic.^1 <l^uw 
iiS3j a*j '(Escherichia coli <jSojJl^\ AjjjSjiSI Ljj^jSI j 

^LajjjVl AjJluill lilSlaJ jJSJI <illi <jc Ui2lJ Aj jaoJI A^jLiSI ClLul£SI aLj& 

(Expression jjj*jSI aj'^Kj ^g-ajou La ajLuJI o^a j -S^ jjii-aSI 

■cloning) 

(jli tAjjjii 4ij^>laj du^^l JLa. '.djULnll ^-"f^ _^ ii - J ^j^j^j '■iioj'y/ 

ClLajjjV ^jlj-aSI (j-a ClLuaJI L_sVI <Sjj& 
Jj^aSVI jjaliSI jli lilSiS .(CjjijJI LkaJS Aj^ajc ^Ig-aS &*"J V j'j^J (^Jc 
t—l^j aJ ^j£iS 4_i-a^)Xa]l Aj^li-aJI Clti _aJj^>SI ^l-liluilj _&& JajlSI (jxs ^ '^4-S 
4jLl^)laJ AjjJ^ 4 jjl J a iS dll jjl*-a Aiijj j Jjl jjoill (jx 

J-t"!) sJlix-a '"'^J?' "J. 1 *^ ^"' L ^ .' Ljllliij dlULllSI ^-a^- (_£-SJ AiLjaVL (AILaJ^ 

.(jjit ^gjliill J' aaSI 

jl tA-llla ■ - i\ y& " (j<a DNA SI ^Ljc A-ljjC- ! Zjfaj^ll <LjiJi 

dl^ inLn"l JJ^ii (*^tLa^ Jla-aSI (j-a ■ " ll 'J<~- jl t<Uj_)*-a ClLijl£ 
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(Jelij JiLa 4jjjja. CLiLuSj al laHml i liili j taJ-la-a CjLajjjV Aj^jjjjK jjj 

_J jja^j J Polymerase chain reaction (PCR)^ lmLi fl jl jj-J j^I 
.*jLJa jll CjI jjU-JI jc Jaiuw JUij tDNA hybridization 

cUlSB JUuull <_ijs Jill 

.Ijj-aSI (JLaSluil alt (_J£ (_£^>a_l La£ i jjUaN j Ijjjj^JI j« ^JAxll a jjja S 

lg-La ^Ljia Ij^C. j£S j t4-al*J3 a jSjla i nl i in II ai& aiaa a . 

J i nli in HI ClAjLnl ij^-a-J • I ^11 vJlllS jAl] 1 '"'J^" -2 J*J CjLa_alx-a£ 

(_3J_)ia jc- 'a .11.1a. ClLajjjl I tl uSSV cs-^- UJ_>^^ Ll-ljjj jl "J'-'f " 
CAcUaS ^gic jl/j 4£lUa-aSI ' " '1 lla SI ^gic. L_Sj»jU l_J j i "1 a SI ClllLuia. al laluil 

. Lj-3 CsliiaJI ai& ^gjSI CjUjjjjJI ,_S Ajlclill 

La Ulc. 

(_>a Ajuj^i <S j>a. ^jit -il/^SV <LjiJI jialj .(2.20 Jiill) 4jjjl!iSI AiljxJI j 
jje. lilia jc t_i jlla-ajl ^ljJjVI (^Sc- a jjlaSI CilijlSJI jjSJ ' - ua tf-L^aaVI 

(AjIojJI AjaiiSI (j-a ClLul£]l c_aVI jl 1 a jlaaJI ai& ,j a .lid t5ja_l La£ .ajjlflJI 
^ aaJia AjjjUlli <L_jiII ^ Lai .AjjjJjjj Ajujjjo Sajjmij Cjljjlx-a al laluil j 

- 1 ■ aflj <Aac. AjS jVI <Sjj*JI <la.j-a (J U jLui.1 *2 /gjJI CjUjI£3I 

4jxuli jLiiaJ <— ij^)ia dlaJ 4_LajJjaJI ClLajjjVI J.'"'^"' t j_jiall li& .<-ajL-aj 
1 , ^.j , ^A. Cjj^la ojjLca d)Lu£j al laOjuil 1 lilljj i-lj-oii-aJI (J1.aTJ.i.nVLl (jW'V'l 
^jLaj (j-aiia j;*^* I - Ua I^Ja. f.1^1 (_5^JJ t _gjll CllLajJiV! La Ullc. . i _yajkl\ 

.(jJic. ^gjliill J' eaiSI ^lajl) (-SjSaJI (jjfLaill (j>a a j» i ga< 

jjjt'HI j A^joijaSI CllLajJjVI (JjJaiV t^SI '"'^ 'J^^ _jS^ 'ajlt (_£_)aj 

CllLLa£ r-tijj Ja.1 (j* (illj j JJAxjSI (Hosts) u " j-a j!i£l jl ia.1 j JaJj 1 g 

i - <1 'm ; (jj)jjSl ^JJJJ lillj LaJ tAlaLi aj 1 g °J i a jjj dlLajJi^l (j-a Aj3l£ 

a!lA (j-a ( _ S JJJ JJ f-Ja^j AjSjSa SI (_LixJI L_a J^>la C±aJ ajLua.1 (Ja.1 j-a ajjj^l j-a 
la«J La-a .AjjK-all ' " '1 ija S3 j-alill ^gJlij jjK ja1]| (JjmluuSI ^JAaJ (_^^aj i4jLa*5l 
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\ » Lii adj ^.tuJ La£ tdjLaJ_pVI »-^J a 11 la all ' fljl Sajll j ^ 'ill ^gi] dlLajlaoo 
(j-a ~1 3J i a "II CjLajla-aJI (JJ^Ia (j& (_J^-*-^ ' " ^ ^ *U _al£ (j^-aJ 

J&\ cAjjULJ Jj AiL^I DNA —11 aIA^ 

^cHall ^Aj iU ^j"' <aJ La-o i^gjlinlaJ 1-g-jl-ll j^JJ-^ '_>^J^ O^ 3 ^) 2 ^ 

. -;"'l fl a 1 L-luil 'loll ^ja ■ all 



i 



DNA J tt% Ml j>; 



I 

1 




i 



^ I'inhi'l QjJi^JI LjjUa 



(j^i Ajjsjjji 4Ljfr ^jJWI ^ji- AjlaxJ ^ltLui^l AiaiJI jy^i ^LluuI kU-t » :2.20 JS^iil 
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jjJI 3-^1 2.2.20 

Genetic engineering of production strains 

^L^jj 4-1 (j^s (jLia.YI (j '"•» ; -^jIL^. * j^j <La.j.ijj UjU^jsI Jjjilajll 

JjJailj . ^1* f-iVl jAj aalt (jx ^J^ 1 "- (Jjj^aaJI ^aJ ^11 lillj (jx ojx <_slL) Jc-I ' - ll J aS j 
Oj_ala tiillil Ajlla SI CjLIsjII -I IjJLml j& CjLj.lail! iJaa 4 3 -\\ ja! ^J^=> 

Alnll AijJb^allj 4_LaYI <LilajaJI jjlaallj to JJ aa II j tLjjiilSjll qa pj jjl S^C CjLsj^VI 
^JJ lill^Jj .^3^' Cy ^-^jjjdll ' aji<a fcUj oij (jC <U jjjjui (Jj|j*£ (Jaju 

(jiaJ i - Ua J (JjI jxll s^J AjjI jjll ojLall -}.la-o j»jj>jl J] j-«J^ ^jjiaJI (Jlajl 

4jL-aV I tllL) j£-all jl La£ lfrLaa.j3 j Lj-a-j iUj I (J£.i."iJ l^jic JaliaJI 

CllUlLxi AjI £ya LaLaJ Ajlla. <a<all (jj^ U' L5JJJ J -' a ^ Cy "2^Y^ 1 

Ajjj^i (jj^J (jl t jLiijj^)J! CllLaJ^jl Ajllxi (JlLa tAjjC-j-o JJC. AiijLa. 

Cj^L^j J j AjxjjjVl AJjLjiiil j/j 4jll*ill lilj .Aaaiall CjLuj£U 

CjUII tillLaJ CliUuJpVI 6^-5 ^laj) ' °J i <q a jl n-J -3 all (j^3 4<Laa.jjll La 
^jjjVI UfrSlj aJ Jill lilli] 4 g jl uj a 4 ■ qjl i — (jj^J 1 " Ua ' (jijj^)JI (JjAxj UjjlS al J Ajjia. 
2 * la^j „*\1 i 111 i'KIl (jjjoiajj _jJ_alaJ i_S^)^- • / a l» V I A J v "* " (JjS (j-a ^cllall 

J>La. lillij oAi^c Cllljiui ^^Sc. jUaill Aju-uI j]I Ajxj_)jVI jJ-aial! CllULafc ^ 

^LuV j*3( CjLijI£]I pi jj| £J-aa. t-La^Lail Jfl] Uki .jjjllljVI j^/unVI j JJiiajSI 
LlUjjijSI cAjIc c-Luj tLalc- 20 t>a ^A^^ <jcLii-a ^liijj i— iLjLaC. tCjLaJ_)jVI 
^ jij .Ajal jjll A ■ " 1'^ 11 Cllljjlj jjLaaall (J_aa. sjjjS Aij«-a 1 g * i-^", ^jj| CjISjjjoII 
Jajjjjll Aj&l oil CllLajjjVI (j-o 1 gj) alia jl^iJ-J ajlla all Aiwa all CjUjI£1I s^A 

^-o CjLaJ^jVI ^JJjJI £-la.jiiuiY! Ajjl£-al Lax tAlila Cjlf-Luluil iLa. 4^^i-all 

(jx Lajjlj **°J' ja^all CjLjI£]I liEAlal lAa. alt (jx .S-ajV Ajii: ClllAaC (JSI 

The CjLaJ^jVI djiaHa ls*^ ^"J u * ' ' t^lLlAj -(j-aVI -I ^alluiVI 

Assosiation of Manufacturers and Formulators of Enzyme Products 
claijl CjbLiJ p& ajcIi^ 'LoLi* (AMEEP), www.amfep.org 
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o-lpc- ^J' alj "J ^ °; i a ail 

. l,llL<lJ jjV I fclil OdJ 

Sic ^^ImmII Ui^il LjUil^l 3.2.20 
Commonly used host organisms 

j'"" "(c\ qa j " <s«jl!i]| CliLajjiVI (j 6- *VjVI ^^-Ic- oj^all (jj 

CllLaJ jjVl U j3 jj jjlll AjLoxJI dlljlLaVI (JpUaj (Ja.! (j« ic^^l J»l J* (j^ 

^lijj ' aia jj tjliall .luu i_s.l& liA jjb Igiljjc! £-aj <c.1 L al] 

.^jjjVI L>° AjlbJI dl?.Qa*]l ,jC. Igla-i&i] 0-l.lxia 4 °J ■ a a CjLajjjVI 

(Jj^ail ^gJc. J ^aaJI ^jj La ojlc (j! L-luiUxll ' LjJa.aH jl_iii.V'Lal& o.}E.la£j 

,^L-al ^>jjjVI gjjl cS^I (jJ^^ ^-J 4 - J 1 "**' " 1 8j i a a jLja.1 (jWJ^ 3 (j 4 " 
(j^i ■ 3J i a a a U,„lji (jj^J 4j^lasj| CllLajjjbU ^tijj (JjJaSl (jj 'lSJ^I "*.'J 

(j-a ' flJ i ^ a ^ U,„lji jjfLl tlsLajji/ll ^Lljj (jLiaSlj 1 jjUaN Cj^^Lui 

f 

qa Ajjjj^j £-1 jjl ^ikluj <J£Aj .(1.20 Jj^aJI J^l) Ij^Aj '^j/'^.^ 

t 

Streptomyces ^1 jjl Jiluu jja. ijX>Ji\ cjLajji j jLu jjJl 

i Glucose isomerise jj£ jlill jl jj* jji ^ jjl jrLuj t> 

^l_aj| J^lj . jjJ^jall (j-a jj£ji]l ^Ltll ojill t_ lljji ^L^jV j^jj' J*J 

(jJuiiaiJ <sutj]l ^1 jiVl /jA 4jjLa]l ClLajjjVI <tLuV ^'-^l jjUati 

cjUjiuw jl jaj ^Jc La^jj^La i_i±uij lilljj iTricho derma ^Aspergillus 

(.Sja. -(j-aVI -I i-^"'' ^ j-a <Jj_aia]l I a^aJjlj AiLiJaj CjLajjiVI j-a Ajllt 

<LkjjLu jjiaJI iFusarium venenatum j& Jj^a. c^jiaa t 'ij . ^^ Ijj- 1 ^ 

lilJjSj .^Jjjall ~a 111 JC (j-aVI al la^joiVI J-a Jj_aiall 

iSaccharomyces cervisiae s j^aiJI ^Ijjl j^xj ^,iVi..n 

(> Jai Ijjjjj jJj '<jc-jj iiil*jj]| j-Lul Ja.1 t> {Kluyveromyces lactis 

. AjlaAa SI Jjlaill j Ujii^jll 
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Expression vectors jSljill 4.2.20 

JSLill j3 jj (jlfl lilliS 'fjjj^' ^-aj^- 0 AAjjJa* aI^Lui j3 jj J] 4iLjal 

JSI jjll aJaa a jj 4.aaia 4l!>Lui J j- aall L_l_jliaxi (jjuia all jj;t"^1 

Lj-a-aJ (_£j^J Cjl.ll^j!/Lj (ja DNA f-lj^l Jl 4 CjI .Ij-a j!>Ll igA ' 111 H AjjjjaJj) 

il-lball 

j> * jJI j£Lu jjja. j) selection marker Vtfijl ^1 j" l£jjj*j1I JSLill 

jLSii j±i3U ' " 'J ' a) Sj t(lfcjlc. JaliaJlj ' 'aj.^^l 4_jli. Ja.|j JJx-all JSLill JLa»jJ 

^JJJ (4jjjj!Li1I JSIjill <JLa. ^-''Jf Aalaia j 41— 1 jCja!! ^»j_^jVI (jf?- 

LaS E. Coli. Ajj jl jlSlI Ljji&J Jla JaJjuoj jl Jj^J < (J JSLill 

^juoj AjUr. 4-a.jjl LjjS promoter I ■ o ■ '--^ a ^ "'j-^ II JAistill <fc _fraa a ^ajJaJ 

(Transcriptional ^2 (^tS) <j^j jt^' j5 cs^' u^' 

^La£ jjjS JSJIj csjj^ill JSLill ajIUS j .(3.20 JSjill) terminator) 

jjJ Jii-all JjLull JMi. <ja Aaalall ITlRNA J jjj jll RNA _JI 

.1 ijjjaall (jjlill <IvLuij ^jjLull (j^ll J 

^lj ^jj c^j^jVI (jJ?> (-5 ^ Jjn'ill JSLill ^Laaj J ajSj j^J 

all ajLuJI <J .(Transformation) Jjj^jII ajLc (jjjia jc Aii J a. a ll 4liLJ 

jps (gj-jjajll JSLill a Igjl J*-aJ Liajjjl J ^ ..^ J "J^ ^ ' JAJaall Lili. A-ailxx 

(^lajp) >j lajj LjiLaJl ^-ojoiJ 4(_£ jjaxjII JSLill J _aa. _jj I g .aaJ .Ixj . DNA II 

JSLill dlla ^gjll LjiLiJI j-aij Jaaa ^.ajLiU ^liiijl j-aj Jajoij ( _jlc ^jJajJ ^aJ Ljjljia. 
jLui.1 (jS^u jj^jc jSj i ii all jjI£j!I Ljl ^LaliVI <-ajoilj ^a ^jjjjuII 

^Ijj .Ljj^Lall ^jiVl ^Lul j> A^jLil! (Transformants) CjV jaJLJI t=sSS3 SjaLa 

jjjlaj Jawl (jx (jJ^C- ^^11 J' aall w >l a 2l) * Jjj* ' 10 P J)lj* (e^ J£.i.'i'ij CjV jaJ all 

^3 j .^cilall Cjl^UaC (JjiLsj u II Jjj*^H L>° ^ylfrVl (_Jjluiall Cllli CjV^LJI 

AjSLjal jjjLt-a t^lLiA jl Vj ' JJ aailt Clll«.UaC. (JjjLuiI ( _ s lc i^lVjaJLall ^jaii AjLjjII 
,AJ jaJLalt LjiUJl <_JjAUall JS.uill£ jLuC^I jJ*J Uia.1 Ljajl jS-aJ 
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4j-jj&l 


Bacillus pi jil 


Bacillus subtilis 






Aspegillus pJjJI 


Aspergillus oryzae, 
A wippr 






Bacillus pjjil 
j 

Thermoactinomyces 


Bacillus 

amyloliquefaciens 

licheniformis 

subtilis 


*L2oll 




Trichoderma, pi jjl 
Aspergillus, 
Humicola, 

Thielavia j 


Trichoderma reecei, 
T. longibrachiatum 


, , - il alV. A\ 

a uusyij 




Aspergillus pjjil 
wzger, 
_> Streptomyces 
Actinoplanes 


Aspergillus niger, A. 
Aw amor i 

Sterptomyces lividans, 
S. Murinus, S. 
rubiginosus 


e L2u3l 

Sji 




Thermomyces, pi jil 
Candida, Fusarium 
Rhizomucor j 


Aspergillus oryzae, A. 
niger 




jUll 


Bacillus pi jil 


Bacillus licheniformis 


a£I jsll 

s uusyij 


cm^\ jLjl 

Pectate 
lyase 


Aspergillus pjjjl 


Aspergillus t 

Penicillium j 
Trichoderma 


a£I jil! 




Aspergillus pi jil 


Aspergillus Oryzae , 
A. niger 


a£I jill 
CjLjjjJwJIj 
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Aspergillus, g-l jjl 
Thermomyces 
peniophora j 


Aspergillus Oryzae , 
A. niger 


diLjl jja 11 1 flic 




Bacillus jjl 


Bacillus subtilis, B. 
Licheniformis, B. 

1 / 1 1 1 C* 7 7 




(^) 


jRhizomucor 
Cryphonectria 


Aspergillus Oryzae , 
A. Niger, A. awamori 






Bacillus pi jjl 


Bacillus subtilis, B. 
Licheniformis 






Actinomadura, p_l jjl 
Trichoderma 
Bacillus j 


Aspergillus niger, 
Bacillus subtilis, B. 
Licheniformis, 
Trichoderm reesei 




jlijLljS 















,JjL2 i., j ■ 




/ (ORI) 



^jWI ^Utt 5jl«a^l ctf3l«fl 5.2.20 



Improved enzyme production strains 

Jjj^jJa jjc. ^IjjVI AJiLui ^ L^^)^ dllljL^al yi j ^Jtj!^\ ^llijl jj^JJ J^*- 4 ^' .jj 1 "^"' 
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£-iJa^J AjlaxJI si* ^gi .Jjaiall (Jc ^j<j...N<\I jjaU'ti i_jj]Lui! JjjjlaJ 
^ajj lillj .Ixj .<La jiia. AjjI jjic Cjljjju Clll-laJ (_^a^>ij (JllLaJlit^a Jl (Jjaiall 

(_$l jl t«.Uax]l J s^ljj j5l tdlj (jc- liiaj 'i^aUal! LiilaJI A da o 3 Lb ^JJC- 

. LuLml dlV jaaxll AJjjC. L$-}3 i£ J^- (_g^ AAj^Jal! (_>uijj lillij t(_J^)i.l A ima a I " A q i 
(J£.Jij AjjU^aial (j JJia ^ 1 t j J^'J x iua a ^}-^\ ^Y^Lui jL£ijl (jj 

tSllj Jja 1 Cul£ eAUa. CAlniaJ <J 4 al v^"...l; ^Au£j (jl (j£aJ jajjj^l ^LuV L^VI 

<ia.Lijj 5iUa Jl ^LalaJI <J*J j* frUaxJI sijj jl Jj AiLja^Ll .lis. Sjiiujx 

.(_£^jaJ '"'I alia (Ja.1 (jo dll^aa all jj^aj Jj Jjij lAA j t(jSl 

DNA (| o^aJI 4JlfcJ JjJj 6.2.20 
An alternative to DNA technology 

jV jjliuoill CllLaJ^j^ t — oJAaJ-a AjjLaj jj^l CllLaai^l JLa. J 
JJC. j« 4jli idlLajJjjVI (j-a ijA«JI Ajllai Jc. gliajl fcljl ial*J I - U3 jLiu^jlJIj 
Je, J jj jj i_j jjiLaJI DNA [J^xoajl "Lilaj P jalll Lajb <_J^juJ) 

^A*J oJ-la-a ' t Jc. (_£jja_j (jl ■ . j Jlgjll ^"'"'"^1 jV ' r I Sa«JI AjjLc CjV^Lu 
1—iC.jJ V (jjLjjlli 4(_5^>i.VI dlLallall "ULa. J 4j| La£ .CllLajjjVI Clliiij^J j-a 
(jxi t . It <Lal& (jjla aj lilljj ii_ljjjjLa]l DNA cSjJ^' (jJa^ia 11 4jlaj ^l^klujU 

(genetically modified organisms Luljj 4L*-»JI CjLuI£]1 ^I^U 
(jjiuiij (j« -ijjJI J] jci Laiicj cCiVLaJI si* J lilta] (GMOs)). 

(jj£j CjV^LuJI j,;-^-' Aj^laill (jjljlall jli tt_ij^Lall ^IjjVI a£jLji 

Jjiialll J^U. j-a Ajillaill CjVMjaJI jAutaJ (JjljiaJ jj .JaJI ^ 
JjjoiVI (jS«J' ^jiaS Jj3 (j^s j^LLaV ^^j ^* J •-^i_J^ a ^l^ajjjl ^rij^ 

Trichoderma reesei d& <> jVjj^j"^ (Aspergillus niger) 

<Lj*J AjJoI _a& 4 ^ Cli^Lut ALjC- (jj .(jjljiall aAA o j3 Jc AlLal Vj 
jl (' " .') (j-a i—illjj l^jl J AjxjaL ■ - 'I ''J 1- - J oJja,j« sil-la. CllLaJ_)jl 

cj| jjI^ ^I^L-b »jljsil jS-j jalL 100000 Jj 10000 ^Vl Jl^ 
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(Ajl^ill <J -^jjVl 4jaASj| ^jic \jL (>iaj ^1 (3& L-L2&1S (jaUa 500 <J) 
CllULaC. <J <JjjUj]l <LjiJI ^ SjlSa all CjljaUall 

oIa (j- 0 u' -~ 9 j ^ '"'j .j^ j"'^ <-J^I Cy 1 t^ijJj ' ^s^)i~* " (_g j\iaa ^^-Sc 

5lLaVI CjllLaC (jxi Jjj-all *lj^.V illljaUaJI 

4a j«»JI a JJ^JJ cJJJ JJ^' 7.2.20 

Protein engineering and directed evolution 

ClsLajjjVI dllaaia JS1 (_yiLuiVI ^J* Alia o.la.ljlall CsLajjjVI 
jj]aj]| j dlLajjjVI -J " i is.ll.laJI (_3^>ia]l 4_lajail _&J (j^-aJ (j^J lAjftlii^SI 
(_£.}] (jj^J (jl (j^y AlaiLa (SI 1 _3'°^"' ■ lua 1 dlLajjjVI jAuiaJ tAa.j<all ^^jjjaJI 
l j A 4 \j» A\ ("\\ m1<Hj CjLaJ_)i>U -* » «a (_pla. j-a (jjj^ . ijj "dlJO^ 

4 j£Sj L all (JaLuLaSI j-a JjAjiII Aj^jjjl U CS"^"" t ^ J "' *-laJI £J-aa. 

4jtllJI dll AjaLaSI oljla-a ^^Sc aj^lS JJC. jj£j Ajtlilall ^gja. 4 jLla.VI ;J i ^-3 
(AjSIsJI "ijljaJI Clla.j.i jj£i J3 Ajl La£ .4iklaJI AjjlaaSI ftjjjVl ClLal-laiJ (J 

i lllla. <xAalaiAll AillaJI ClbjLajSJI j 4 pH ''J~ JjJ^Jt fSjU <ijJalalt fjiiJI J 
^3 - jaJLuU jl U^-°J cs^^ ^J*-'- ™ ClsLajjj!>U 4_ixulia jjc. Ajfcl li all t" i1j1.pt 11 
j^i Ajli 4 jjjj_)i]l 4_ui.li& CjLiaJjl t—ijiajj (JjJ^la jc j 4jl VI 4 d S ■ all 

A^LaJ^lSVI dll jjaa all j CjLaJ_)jVI j^" 1 ''" J_jia ' " ^ .' J* ' jj^?^ (jS-owall 

l^aldaluil (j^aJ ■ ■ lljSlI IjlA j-a <LLall J j . , — i q M ^ '<jj a dlljlij nj Laj3 jjljtillj 

.IgJ jaJoJ ^^jll dll lla SI (_Jj^atJ (jj^la (j& tilli j CjLajJ)jVI P^l^l Cllij^al_iA jAuiaj] 

Rational protein design: protein engineering 

QAj^a A iji « AjiLal (j^aLaaV ^liiiVI JlAiLuVI (jJJj^jll 4jj^jA t_±a.jjjjj 

I^J sJl^a-a Ajjjia. AjjUxjS (j^ajL^a. ^^lt J jj^aLall (Jj^till f.lja.V (jijj^JI 

o^Lall olaj 4jC-_jjll jl iJlLaVI <g jja jjj^ SI ^J^\ jl 4Ajjl^}aJI AjjIjj]1£ (jjjj^ill 
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site-directed >a]l (J <k jj'kttl AjlSill &ifc -^*..*« iULe .aJ jVl 
A^-ii* ^Lg-o (j jaJ .(jij jjjII jLij (cill jjaJI Jj^ju ajL& <J mutagenesis 
jjjj j^jJt AjiJ jIxjV us " 1 -I i^lml j ^Lv^VI ■ . il&l '"'1 \f'jj;^ 

(j-a oj_alila I " li m S AjiluiSI AjuoiVI L-sl^^jl JaLajl (_£>Li. (j^ 1 a -^Jr i ^ cS^' 
CllLajjjVI Alii (jJJ a£1»JI ■ aflj ^ CjLsjVI (j-o till jiu: ^gJc l-lLaiclj . (jijj^ull 

oc-Luij ^^lll ■ " i lij jjfll A^AaI] o.Vq» <i '"'^jf "j; c5^>^ JJ 

(j-aj •(J^J^>^ ^/'..'"V^ (j^aLa^VI ^ '"'V IUjluVI ^Ijlsl ^ CjLujj^uII ■ a iig a 
iAj AajLoui jbuVI AjIvIj jli t — '^U^ ^° f^3^ AjjlLa (j^-a^S! 

o^La^VI 

^I-IslIujI (j^-aJ tiillj AiLjal .ojjAAll AjlL-a (j 4 - AJj^uixJI a ..'"'J"^ 

A jajoiljj lilljj ^»jjjVI ^-lilS A3^)*-a ^1 J _a2k j (jjAj ^^la. g jl uj a dlLla^pl jluil 
(_paLa2kVI dl^LuiluU AjjLLa] (j£-aJ La£ .Aajj-aVI (_paLa2kVI (J....il...U ' aljjau^al 
1 (j <a» j| LjjJaa li AJjuall Aiij j CjLaJ^VI ^j^ajjg Aai.hL.uV I AaiLaVI 

(_paLa^VI CllVLaJ ^glc L_a^>xlU A_al& Ajjl La»J (jl iAilli-a Ajillaj j ojl ■ aa Cllli 
.AjJjAll Ajjl^}^. l£j-aljjAllj Ajjjiaklll CjLaJ_)jVI A-aA-a (j£. Ajjj)..,.L.n]l Aail«VI 

jjkUt j ^l^iidl jAikiil 9.2.20 
Random mutagenesis and directed evolution 

^SjJI ^ La] A-afriLall ^Ac. i-lfuU lilljj Aclli all ^ AJLaaiuil iic lillj jjikj Ai^] 

L_lLlj£^i i^a) ■ " ll Jjl ajS SI sLao AjAml i aa 1 jl sjl^jaJI g LaJjai jl 4 (_|LaV! 

AajjiaJI J latluiL jujjVI A^AiA j»JJ 4C1VUJI si* (_J cdljli .sJj^j^ll (ClUliittll 

ajIac. ALjlaJI si* .Direted evolution a^. j^ll j^iaill ln.ni ajjasJI 

j 1 LpSJ i 1 ■ Ujuiu j tAjjja ajhh a ■ Igi! ^ ^-j i 1 3— 1 \t j 
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lilSj .^JijjjKjjjl! (J nil > n"lll -lljial ^jIc «.UaaJ (Ja.Jj Jajjji diaj (jj^-SI 

La s^lc.^ SI c$^L^.I JJJJtJ ■ iJ i '— a ,j (J jaj idl!.lLajilj j<u 'r\ SjjUall I " ll jja SI 

ilya. ( Bacillus pl_«jl j co// AjjjSjsSI AjfLjJiVI Ljjjj^j J 'Sjj-aa. jjfL 

ll^j SJjaiall L^-taJI ALjC- lilSj ( _ S L jaia-all (jiaJI (j^i a.la.lj 3 i ■■*' Ajla. (JS (JjSLau 
CllLlLlJ AaJLt^i j£-aJ (_£l) c-IjVI AjSIc sjjl«-a J lalml J <il]jj Ailia jSI ^ (jluaj jfr 

'3.20 Sjaall ^ jj^la ja La£ (High throughput assay j^-j j S 

aiaa a ,_i 4 *' i aa ail CjLajjjYI jC SjjxaJI LliLaJI lilSj ^^ic l_SjxjSI ^il Ij^Aj 
(juiaJ Ljjlc. I^)ia ^^l CjLajjjVI j-a ^1£jjI JjiladSI j-a S.laJ j ASja. JAaJ 4 jlia.YI 
JjiLjj aa all CjLajJpVI o^-S ^^l llll jja SI (Jjc j^jsj lilliS (iaia ' LiL 

j^s Sj^SlLa dll_jjj jl LuoA-la (_>ujS .AL^)xSIj Jj3 SaaSI jp> SjjSLa CjIjj.1 I (g^ 1 "- 
ClIjiL JLk.ll JLaJa.1 jl LaJ j£S j ttllljikU jiiSli jiiSI j»£ljj cS-^JJ JJ°^-"'^ 

1— Ut-i — ; La Lllc. Ajla cajl.il ^ji j^^lSI lillj (j« w>^l fij^^ J^J^ 

JjiSadSI (J^La. j-a fO^' >JJ' '"^"'^ Cy ^ J »* ** "SI (_J jIuiaJ! Jl (J j-^jll 

jjJ LuJilj (jVI jjiaLlI j OVuuj t AL a >-aS I oi& i ■ liajl j iiiSliS .Jasa ^IjjixJI 
Clll^iia ^ 4_a^s.lLa I " ll ija (_£ ^J'..'? I " ll il£ a jL^Jjl (JaJ jx kia all 

jl (4.20 J^SI) DNA shuffling c$ jjill u^asJl <JjLl> Ac jjia cjLuaj 
DNA —SI Jak 

iijj Ajj£ lillij t Alma a CjLaJ_)jl JjSjJ LjTiLi. (jx (j^^ij j^gjSI AcjjjJI (JS 
. ^IjjjoxSI jjilalill AjullilaSI Clll jj^SLi AjjlLa ^aJ^jVI (j-a A j ■ oa all (JI£jjjVI A_iuii 

J laliuil (j^-aJ i '-— » jSI LjjJaa li Aiaijj-aSI CjLaJ^j^l (j-a aJjIc j3jJJ La^jc. 

^ .(4.20 J^SI) family shuffling ^JjUI (ZJjtia J) MUL i_i j«j Aoiaj 

^jliSLl ^1 jjixJI jjilalSt Aikjl dlliiaJI ^JJJ Jl^iLul (j^-aJ AjjaiSI oi& 

'ijiai. iilj t^gJjLtSI LLa SI Jjjia ^ Ajl La£ .UxJfL Sda.1 jlall ClLuaJI Jj^allaJI 
I ■ ajl aJ - i aJ La ajlc^ (jJnull Lj i <ai « n AiaJJj-aSI ' " lS lia SI ^Ic sj^oL-a ' . UjuSuSI 
(j-a _)j£l AjjuiiJ (c4-"j ^- a - a '(%70 (j-a (_s-Sc-l A-ji.iOj ClllAijjjKjjjSI (J.i.ii1>.iU 



788 



.2.20 JjM ^ 



(jjjjjjJI *tui^Ife <j£ <La^U '"'1 - ^Jc. AjiLat :2.20 JjJaJI 














a jjx^i aAuial AjjIjj 
















Jlij j_>JI 
















L 
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Large-scale production, recovery and formulation 

fjjjVl (Novozymes) _>Jjja>s c^ja c 1920 

tjjAaall ajLoc S_kJjj ^JL*JI ^jjl Jjl i(Thermozyme) ^Ijj-ajjj 

(_)^aa.jl ■ 111 ajid .^ja 1 j-b&aJlIl ^ jLailLuT^I tllLaJ^^' J^" 1 '' " 

dl3 .f.ljjai .la. ( _ s ic- (jJ^l^luwJIj (j-a (JS A 1 ■ axJ lillij ^JjJ - j' ' ""' 

jjajla]! jj-aaal! AjLaC. ^ U,„lji A \t~\ \. y\\ CjLajjjVI - iaa a ^ JiJ ^jJala SI 

^UjVI CjVXjo ^ jj (>ujaij ajL& ^ j ( (Submerged ferementation) 

(_pajl . Ll>laJI (S^i*JI Jaxujll ^^-Ic <C jjaj Aili-a JJ-aaJ AjCj! 

oAA ^a - Lai ,iaju_j]l ^ ^^-aJ^VI ^cJXall jJ^aJ ^JJ ilx/taJI (Jj3 AjAk-all jI_ja3I 
.i_l*£-a jia 1000 lU^! ij\ tj^.<u3 Ajftl L all llll^aa all 




.^li^l fjj&l jxaaj LkLa :5-20 J**^ 
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Fermentation scheme JakL* 1.3.20 

(Jlla a ^ iaJ a A-Jjl -ll j>a j-o tln'i i m A<ifl.T.<i Aj.li^ jljx (jx aaJjt Jauij ( slljj 

ja A-j.oiLi.nl pljjl Ajilj 1 ° ; a j"' S-ilc (JjaJ . Lljj^al! (JJJJ JfJ J$^J *Sjill *Liij 
g^l^j CjVj^jJj^)J (J>o JauuVI loiaa all jAj 4Ajl3.}1! JJ"*''' jj"'-"'^ CjLiajjl jiuil 
(j^i JjVl AjiS^II AiLwa] .Ixj ' al ■ jaJ P/g^ V ' lua J i^jslil! j-ajj g-rt-uU c$^l ' JJ"''"'^ 

.tllLui-aJI 

^Jj ^LaSa-all AjiiLaJI Al\jJa\ LjjS ^aJJ tSlii-all Axi.ll! JJ AjlrtT. j 

CllLjAi-al! LjjII I «1 ■ <aJ ^^jjll t ^oluixll JJ"'-"'^ AjLaC j . LilsJ! j^j JjJa j aa alt 

AjLuJI iliaJ! (j^-ajj •f^jjVI ^Luj AjLac JiU. jljaluiVI aIU. lillli Asaa_a 

Aj£] (j^-a-a Aj^)iaj]l Aja.Lll ja3 4(j-aj]l (jx ALjla CjIjos] a^almxll 

Ajli AjlaxJI oi& ,j _3^J^ t^"' C5^j <J JJ-<aj]]j .iaS3 xjjl i nl 6,1x3 ULaC 

t^J&u: _al! A»Ja j^ia. Aa.j.lJ u "? JJ f^J^J cajl jail Aa.j.1 AjSIj^ lidcUaiuiLl 

.Ltxaa. -3 lal» <aj ^LaJ! j (J^ j all (jjluia^V! JJ^JJj 

till jj AjjJaJ! LivLaJ! Ajj£ (jc j»J_>jVI J' < Jj aaJllt AlLaC. f.Lgjjl .IxJ 

jjj ^-aaJLi J t( _5 jSjJI jjLJI j t (Flocculation) Auiill j '^IjjJI aJ=lJ jj 

AJjui AjjojC-I 4 iajjit jj ojj£jJ (_£ja_l t^jjjVI aliuil -IxJ ^aJ .LjJ£ (_JjLuoj]I oAA 

La Ullii to jlaill j»J_)j' <J J' S- 1 jl^aJI (jL^ I jjj . jjikiilLj jl b'ljSi 

JJC. L_ ijIjjoJI All j] Ja.1 (J^a Aj^ali. ■ 111 jl— s, -i. j , „Nf I ^Jj AjLaxJI L_iIajJ 

ti_uljJi]l (j al ■ a a it jl i^liljVI ' . "j"'^ ' lAJ^ 3 U 4 " •AJjC.j-all 

.'ojlaill Aijli AjLajjjl I "'I allJ a Jj. S| LjJ^i. (j-a (j^-aJ ^gjll ojjLII jl 

(j-a i_l jC-ja (J^joU ^>jjjVI j»J-J3J (_^jjjjJall " aUaxll AjLjj 

dll >i taaJ i " a jj^a Ac. jjia 

^ ^LJa t ilia-Lu! cjLajjjSfl J^c jl Aiia.Xa t-iajj .(Immobilised) A£jaJI 
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( jjJaaajoixH /gjl^jll J^i*1l <jl£ La^-a j .CjLajjjVI oAA IgjS jj^aiJ ^1 Jl£JiVl 

:dl1 Alalia ^3'°^"' jl ■ . La>j 4jLAiJy^\ I "'I auiall jli 



.1 laliuiVl £-a laal jUa ^^-ajjjVI j. aalluball ^Lljjall (J£joi1I jj^ (j^ ' . • 

J laliuL^ 1 lial ^^-ajjjVI jr*'*' " UJ^J tl)' ' . • 



Liquid forms *IiL-fl jmfti 2.3.20 

ClsLajjjVI j. Aj&Lii-all CjLajjjVI a (j <a» j J iaij 

^_lc- [-<! j. jaaJlmall si* CjUj£-a J .".V"i Lia.j j-aj .(J jl.iill 'Ufru Lg_jV lillij tAAjLoJ! 
j^i oj_»ia!La (Jl£jil jjljJJ La£ . j£joi!Ij ^lallj ( J j jjjjjlill (_jLa ClllliLaj 4?.Lall 
'"'V j"'^ ^ j' taa all ^jj^aaJI t _ s -ajjjVI all JlLa 4jjLuJI I 111 auj all 

Ajj^Lkj J . a3| AjjLuj ^lajJ I J^.>a (NoVOZymes) j-aJ JJ^ _P <£jJ^ AjjjL 

Solid forms JUift 3.3.20 

jps ' aHjJ 4jjlla jj^l m (j£xo ^jic 4 j ■ oil jjYI 1 111 aJlL&ll jj£j l-a 'iAc 

i'iI j, U.^"\,„^\l ^.lill jLixll j] j"' " 1 J 0.1 (jJJ ^j'jS jLlaSl Clllj I'll "Ji'Q 

^cjjj tiillil tAjclik^alt CllVl-axiuiYI *■*■» ; (-3 4_j <— J jC-J-a JJC- < j.}aJ i ■'" (JSjoi t _ylc 
aJjJC- p I jjl J J^-J (jiAJ-al! j-a (JjjI .4£^>aJI 5 a j A-Ujja dlLaAla j;-' 1 ' *-*ll -U.. * 
a ^aJjuij c^liLoS Ailla a -llj^sj ' ■ LlSI jp j^s ajj ja all 4 ; ) ; i -> 11 '"'I j - aatHuLall jpi 

jp> ^u:lj (jUaj (ji Aj,t-«uji SjLaJ al laj aj (JaJ.lll jys sljLaj J-Jxll ^lils i"ll aAuia 
4 nn^.11 '"'I J' jaaUjuball j^i (_J jaJ VKi'.'il lilLiA jl La£ dliJalall ;Jja.l l "" 4x-li^a 
LjLajJpVI 

i"il j, aajgix JAj '-— 4 jjiJI Ac! j . ri (JlLa (_J^)^I CjVl.a,Tjli.nl ^3 a 
jj£ jlill j^ui JjjaJ ^ - j^luLall jj£jliJI jl JJxj jjl jjl (Jl* A£^pJI sAjLall 
jlajji t _jlc 1 i'q"i j^lll CllLajjj'VI -I l^Ilml sjLc-l jS^all j^ . j jflll jSjj 
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Cil jjxj] jj (jx jjiJI j tAj^U. j]l ( jjaJI) sjUaJI j ' resins Aj? aljll j) ^1! 
CjIjj^c-j chitosans cjUL«ji£]! j Ojj^^'j 'lW-^W^'j '4ii*-alt jj^ jA 1 '^ 1 

1 3 laJJ AjLaC (Jj2 LuLuu£ ^Lutij ^^oc-ljjl t_llljs]l oiis - Ia« a I ■ lUajjj .^g^kYI jSjJI 

^jaj La UIlc. .chiral aJ jjSII Cil£ jJI j ? jaJill transesterification 
CjLkUJI d\ j Jit jxJI uj^j ^IjjI ,J CiLojjjVI granulate 

jjljJjluJIj 4£cia]l *-a ^Kniflll jajjjVI djIjIaSl LjjS ^ttJJJJ (Jill (6.20 AjjlaJI 
<Ul*i <aj^>Ja i 111 lua SI jjl jf' oaSj a 0.5 J^-J L&^)Ja2 ^lij 4 a ("ll aAma ^ 




j.ti-t," — 4^ j^x . 



top-spray granulator 6* £Aj LjjjaJ jl^sJ <j***£ -.6-20 Jiwfl 
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Application of enzymes cjUjJjVI JUjuLujI 4.20 

/gajflall £y» «UU Ajc-1 'usi\\ CllLajjjVI Ig-a-iaj -Jill Jjl jill JOaJ J] jiailLj 

' "'^ SjfJaLlSI (j-a 1 ■ «a» Ajltill Cjl_)aa3l (j^a^^atiuJ . Lljiu 4jjlaa]l I^jVLsjiLluI .iLpjl 

4f.l.li]| (JJ-uiJ < jSlll (JjjJ-JI I4j!/Ij]I AAuiLmVl (jgljxuVI (j-a CjLoJ^jV AjjuiLm V I 

Animal feed enzymes ^j^l <-*^' CiLsjjii 1.4.20 

Ifrnab aJ "I jl tlg-aj^aA ^JJ V ^Jjlt L_a!>Lc.VI I— lU j£-a (j-a Aj-lxJI lilLiA 
t-JtilUj " s\xi\ AjjIiiJI <LajkJI ,j^ Lllxi (J ajjj La-a iAjJoLaJI $.l*_al (J-al£ J^'J 

4jLla (jjjaiaj j£-aJ ' aLtll dlLaJ^VI AiLial Ait '(j^J . dlljl JJaJI _a-aj j-a (Jill 
t -^jlaJ ^Laxull Jj lgjjl.ia, CjSjjI dllj.il ' ilxil CllLaJ^jl (j) ' ^ ^ 

■ - )1 Sala II Ajllai (jiutajj ' alaJt ^ 5_a^kluwJI Aj] jVI jl j-all (jUai £Jjj >4 ' flla«-li 
. la^Luiij ojil j!la Aj-aJ^^' <">l j. aaHubalt (jxs £jJ j JjUaj lilLiA .s^)3|j1a]I AjsLlSI 
4 jjljJjxuJ-aJ^ll j 4 jjljjLjaill j tPhytiC acid lilillill J^d^ Jla jl j-a iil£aj 
j^jl jilj tjiiLJlj <§_lljal3l jSaJI dllAj^Cj tllll Ipjjjlt J tpLoij]! J t jl£jlx]l J 

cjLiaj .(Stachyose) jjjSlloJIj i(Raffinose) jjijaljll j t(Xzylan) 

t tliLiialliall £-a HjLui j' aa a Uj\-v< j| SjjiL^a Laj " aladt CllLaJ^jV 
ClsLajjjVLl Jl£l]| i_sl*ll AamlUjII JjI jill jj .^j^VI CjliUiaVI j 4 jjLuallj 
ojlaluil (_£l) t—alxJI (J^a A ^j-^ all Ajjuiillj ^laijVlj t jljJ^ll L3^^ (J«ajuLj 

. jl jj^ 53 (J^aal A-alc A a i ^-j LaUalil jj£I ^liilj t(i_al*]l (jxs ^)j£l 

^^Ic. sjjli tllLajjjl gJJJ V jjjliiJI ,g a i <a ^ SI jl^aJli t ( -«Jfm l^jlic- ^1 

' ftlxll JjJ^j L>° ^JjL?-^' ClLajjjVI AiLiaj (j^-aj lilli] .ClljLij]! Li!>Li. jjlj^a. 

Cllljl jja II (jS^iJ V iilj^s .Ai* a J a" . ..VI j Aj«aLk^a!Lal (jl jj^ 11 (jS-aJ (J£jj ^1 
dlljjai ja. .XI | XjA, (Jjjjjj jjjj^ liijjlill ^j'--"^ - 1 ia^J (jl (ja.1 j^ll j jjjLiiJl£ sAxaII 

ajc jjiu:jall jjjijl ^jjjil s^j- 4 ^ j '(Inositol hexakisphosphate 
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i_ilsdl Jl phytase jlijUll j»j JjI (jjUJI jj . Ljj^M J ja Jia 2_J jLII CjULuI! 
Ai^xll p jjj tiiljjUll hydro lyses ^.^"v f^jjVl li* ji 'JjVl : jijjjli 

4 ->l"m dlliui «aj| jx A Jfll > <-il J'fJ ^-^J t jjlaxa St jjt dllim jiSI ' " ll C. j aa a j-a 

<j* t Likjl l ^j c5-ijJ liSlAill (_ paxa i jxllaaJj' jl iAjjtjllj .AjjIjc. ejLa£ 
. djul JJ^SI £ Jjj j_j jgjj <axj Jjiui jAll JpLlaj A .'.'"'J (_£-^ ^ja^' CS^ 

Detergent enzymes i ajtinll cjL*jjj| 2.4.20 

£<LSI i Jt i ^il 2J| ' '"'I j. aaJiuK AjjjaJI Ajjiall AjUsJI ■ ■ illaSj 

IjLiiil JJ^VI JLttJiluiVI jjj I LuaHll ^ <-aikluiAll ajljiJI <^.J^ djl£ La£-a 
(Jj.uit.SI (J,at_Ii,iij I - lla " ajjjllSI (JLa-a ^ jA CjLajjiiU a jJI (JpUaVI (_jic- 

jJxijSu .AjC-Uj^all ClA£jjill j dlLomi j-aSI 1 LjjallSI ^ La£ t^jlall j_ji?-SI J 

I^Sc. 1 *«jUTi\I j, ^■v"i,„^ ClLojjjVI -I laliuiV 2-luiLuiVI ojl jASI 

. JjJail ' bJajj ojaS • 
. j— ni' ' ijiajS j • 

j^i 2 v^*,,. Jl ojljiJI d lL>jJ JDli. <2Uall J9 liSSlgld • 

' LjjaHSI aAaC 

. jjSI ■ Ljjjjj AjlUi [jjflaj JDLi. (j-a eLall J5I liSSl^Lul • 

.bjja. liSSioll 2_SJi 2 a^Ljixll CiLajjjVI <jV ^^it Jal j±fo • 

' LjallSI dAjjLaJ^SI al laAuil j'-^j'-*-'"' <J^L% (j-a 2_inl| ^^Jc. <JSI jijtj • 

. t*lU>u jflSI JlLa 

(L-iUftfl <J jV jAliJI ClLajjjl jjjfc JD^a. (j-a Aj^jSil Aa. ul j^| jjiaj • 

.Lk^aLij j!i£l <5*^.j j>niil (jc. ^JLJI ^jI jj • 

jV jjjj^SI ClLajjjl I al laJlul JJ^VI ' LjailSI dlLajjjl jl 

tLiijjlj .jUI ditaj^c-j ""'i jjjjlSlj iCjliijjjuSI £L (Jjjj ^iJI t (Hydrolase) 

.^jljdSI (Jj i nf. ^ Ailj^j ilu.lkluil j^jVI ClLajjjV jlijjjjll dlLajjjl 

(j-a jVjjlluJI j ( _£h±A)}\j i jLlliUI CllLajjjl jlijjjjll ^gjj - 1 ^''l tljlL^ Lai 

795 



.(Jal ojlj^. dlLa>jJ ^gJc. ^gjjiall Jj-'- 11 *-^ <L^aLi. iCllilaiall 'i^Uj (J^l 

<_£}La. j-a IgJ 4jlixll AsLja^Vl a\^i^) ' ajjjjj jV jjjjj all CllLajjjl ' j-oj)J 

jj . Jjjaii-all sbjll Sax ^^le ialiaJlj JJ^J ^ aALuU ^gjll AjjlaliVI Igi^lclij 
j^a Sajla al laJi i "I (_)j)Luil -Lajts ^A ililaiaiall AjjLaall CjLa^lxll j^s Aj^xll 

(_£.ill ( -uiLlu VI (_£.lijll (jx£jj .Aalii^a CllLajjjl AjtJjl i _ s ii. jl Aj^j jl jjjul 
o^A (J*^ eJj^j<all dllaJaiajl I 111 aal< (JjA*j jl o^JA^ CjLajjjl J^J^ 

jj jjjl 1 1)1 , V-aA. ^ j| (L-LIoIaII ^uiLjjI j!la Cllliialall CjU j£LaJ vLa^j CjLajjjVI 
Sjl J^ d)La.j.S al ^luil _aaj 4_a. jjll jj ' .'"^ '"'^JJ^ "..'^J "joill 
' LUajull dlLajjj! AiUial ^j 4-aJ.aJI j-a jlj tljjjjl ^ Aj^aLi. ' ■ . A-Llll (JjjoiE. 
0 jail j£l j 1 2 "ijA , „\l jjjji 5,La al laHml J j_a&.lllj eLiill £aj <UI jj (J^jjVI (j-aS 
.oJjjj jj£l «.La al laJli al Aic Ajjjjjuia dlLajjjVI l^i-ajj ^^jll AjaLja'VI Ajajialill 

Starch and fuel JjMj * Lia 3.4.20 

sjillj .«.Luij]l j^ 1 a'alai.'l j£*ij ^jjll <Lajall ( " )l aJilall jx JJ-lxl! lillio 

ye 

l£ jJjtill j 4^t-aa]l L^iL aJ 4«.Uiull Ar-lik^ ^ - laJLuij ^^ill I jUijjl jjSVI ^JjVI SjLall 
Jxxll ( _ s k. LgJJ^La j ^ jjll tfclat j 4L_jMc.lidll (J IgJjlUi jl .UaUajllj itapioCa 
4-aJut.* Acljj^a ^ 4_slULa till jlia. CjLaJ jjVI J» i " lla i ,-i tM-Luxx i_a jjia 
ajSJli t^r lluV I <LaV AjsLiaj dj|jUa> j3 jj AaLL-all Ig J iaajual jj jj .^Liill 

s jia-all Clilcliill 2 .^n... pH (Jja jjAi^il aSj^lj s jl jaJI A^.J-J AJii«-all 

Jjjja I g j JaatJ j^^jll lillj jx (JSI t jjlllj 4^£i]| _i JJjJ 1 "'^ Sal »j IjLajjjl 

ClMclidll j;LaJJ tiillj ^j AiLjaj .^Jafta. JjlaJ IfrUaJJ (Jill ^LaJ^all <aJU-aJI 
<a.J^II ^gl] J jj^a jll (_J J l^ilajj j^-aJ it <U j^-uiJ I gjlc ajjalmll Ajjl£-aU Aj-aJ jjVI 
CllLajjjVI al laajml ; «.Liull <cl u i-i CjI^j iliA ^^Ic f.Lb .«.LiiII Jjjaj jjx 4jjC.ja1I 
.(^jjJaLall jj^II j-a iljLljjJjaill aa-kia (_J jIuia AaJu< all (Ja>l jjx AjCl L ail 

(j^o 4 i ^il A, ^-l_&jl ^/a Ajxjjjl (Jill J^" 1- - AJautl _jj LiK Ciaajl ^^jll 1 " 'I J^J all (Jjl CulSj 
j53 (g ^ISSlI AjjUaiSII J^Uj^l 4 lajail jj U£-a-a L^.tijj jSL al (Synip) JjL-axll 
(-3 Ajjjjjj (J_jaJj 4jaSj '"'^J'/' mil cJ^lj' (c^ (_3-^4*l jSjlill j giil ajjj! (Jjl (JSjjj 
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liljaii jj£jliJI (jx ^sjil <J^ S- 1 _jl">l ^H*^ cJj^ Afcl ii all 

gliall ^jJc «* a i at jit S^jlill i ■ lfmj lilljj i^^aj^jVI (JJaall J] (_paxa SI J (Jjlaall (jx 
.(J^uil CjIjjL (JSjjJj t t _yScl sjlaj <La.jJj g 1 aa ; aJIaIaI! 

CllLajJp! 4j]lxll sjl^pJI dlLa.j.2 ^^Jc i a all j^Lld - lilt CjLaJ_)jl (jj 

(j! CjLaJ_)jYI a-lgJ tjfi^i ■ ^ *" UJ^' (j- 4 '"'b'"*.'' L$jt (c^ 1 g ii .*"<! 4jiLa 

CS^ *J-£ ' ^aj CjLajjjl ^yaj t^jljUll 4_a.^p (j^i (^-1 Sjlji ' " it a j J ^^Sc <Ua. 
-J Ig at v^"...l Ajjl£-aV sfllij cLiill (j* i >\\ feC-hi alt J a J ■ I Jlfi ,J 

(Jet cookers) Ajli^l cjUUiJ 

jl J^ojjjl fjjjl JJji=J J* 1973 j»l*ll yj Jjaaj cS^lt ja>VI j»^ll (jjl j5a.Vlj 

jal .(Novozymes) _>jjj2 jj <Jj| l> jj£ 

^ illljV J^ll (j-a 'i.lpE. (jJJ^-J 1 '"'"J* 4ci j > aS^ j ^gl] (_J.il aa i a jLaj] 
jjj^jill (__pa Jit J?J'^ " tljii j'^ i afc ^^jj odaiall CjLVjII 

dll aHLalt j-a a Ape 1 diula a£ - laHuij 



.4£^jla ClUla - ^ift Jj^aaJI j f 1 uol3 AjAjjW! AaJlx^l ^ 4 jnnijll till jkaJI :7-20 JiuJI 
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AxAaluixll AjxuJJjll Cj! jlaaJI (jc Axle Aa-al 7.20 (J^"^ J3-^ 
AajiaiL ■ . Lluij (j£lj tLal^klujI JJ^VI AjI jV eALall _&& ajAl! p.Luij .$.Liill AaJlxx 
AjJajc- ^jj^aJ liilij bulxj Ijx!>Ia 4\r-\ VjI ' . laJ tA-mfaJlj 4 la '< alt jjc. 

j^yljxl - Ull j=^J>j' AiLial £x jliallj sLaiill jjjijuUJ tillj ^ijj . ^g-ajjjV * g H 
.Ajlij CjlallL ^ jl CjUavlij oA jjx (jial CjIa Clilclix ^1 Lljl ja. tlulilt 
(a-l,4-Ajiijjl£li]|-4,l-liJi iajl jj J=H jXxl-lill jxijjl ^jL Uajc. 

^ajj lax Aiajjl tillju Laikx t^^l *Liill glycosidic bonds) 
Jjkj CjULc ^jjj jl o^-ajj '(Maltodextrins) cjlij jI^a jjllxll jjj^j 

t Ljlall (_£^)Ia3 j^Llxl lillj 4 j!>llxl jj£_jl*l! ClAxjjjl AiLial (jC. Axa.lj (_£ja.l 

jxa .At jiLa jjL^»& ^^Sc. J jj^sJI J) (Pullulanase) jUV jJ jj j 

Jj^jjd' jj^ji*^ j^jjl fl-liaJ-J jj^J* ts^J jjSjliJI ^j^^ (J 

till jj iAJIajjjJ jiJjS Allllxi AjLall ^jjj^H -iail ullSjJI JJJx £-a .A£jaJI AjjLal! 

.AjjIajjVI AJUill l> %15~10 JJ AlilUi t^aaa a LaAjC SjIc 

iAjLuJI sAA J .oAeljll a 11 laJ all AiUall j il i a a Aa.1 (J!ixJ ^ula J*J 

Jjjjia (jC (J _ajlluj JJ lillj A*J (JjaJ ^^11 J ' jj^ LS^l t^-^^ (J..'^"' (_£jaj 
jjljjj Ajjjaj Jjjl^J (j-a Aj3_&11 (J.aj all JjjlAj'VI ^^jj (j^-aJ * JJ""** ^ ■' * JJ "'*'"' 
IjAj ax (J^joU V JjSjll jjjljjjj . _J_jVI J 1^x511 j tojAll£ » 3 laJLa AaIj! Aljx J 
I - Ua ^(jjljjLiJI) (jjjjjll (jxi ' kJaj) 4iljia.l (jl Jj n_luiai 4iUall l^iaJLa 

(iKaoil !>Ula ^aL tjal ^ AsljU qa AajLill AjajaII CjUjUjjVI jj 

(JjJ _ajll cJjJ^ 0 'U^jj^-*^ L>° LJ-'T*-'' "^J^^ ■ *^ jj -4 ^ AjLja all oALall (jc LljAa. 

Uaj^j i_Li£l 4j jL saU j (MTBE) Methyl tertiary butyl l^jAjV 1 

jjx sAjAC. *\jsJl cgk Jjill eLa ^ 

Clll jloill ^ja ■ ax ClSj (Si (jx ^g^C-l A j3jll Jjjljj] ^gJC ■ ■ llkll (jj 

(Ja.1 jjx AaSj^VI Aallal! sjl jj ^x (AjLxjJ)jVI Clil^jjoi dlj t'ijji.'VI Aiilall 
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( Jj\j'"J'"JS^J j^jA'"'^ 'Lajjjl i_s^ s - 4--ajts) 4j-ajjjl CllLuSj jJ_alaJ 

ojLoUj ' jjVI <J>a jj^Jjl." " ' Sla a j-a JjSjll (J jjUjjJ ^lHjJ jx (j£-aJ 

<1> iaLa]| AjIjVI o^Lall _&4> *.L2ull jl (jj^. Jj .Sjill ^11 j2 j i ' . hjia SI 
JjSVI j_$jj^iastll jaJjJI _4&J ~ jj^ JjV CS^ 4 " U J^J ' " ""^ (e^ j^J"^ j' 

lilS^S j fLiill j-a Jl jlaij . j^ajYI ^Jajj Jc. IjSjJ 

4 ;Wg"wnll dlLuiliall ^lo (jjllal -li] ^JjSluLall till JJ-a-il J AjjjiiaaJI vljUjJpJI 
(_j«a tllLljLaJ^]! j AiUallj t Jj3jll -J-J^ J.'V J eLiiJI (Jj_&aJ jJJ ^-a^kJ 

AjjjaJI aU>^iJI a j^la jj .biorefineries j-sL^> <J ^^ill aLIs 

gjjj ^gjll il-llla. 4ij jjlaII JjjlJI JL^a -J*°"^ AjLoui ^^jj^ JJJ^ (J-a*-a) 

lei J 

Wine and beverages cjLj^LJI j luIH 4.4.20 

pectinesarase jj" i<: .^ jljW J£.qu - ■ CjLajjjl tdllaj 

jjc. La Ulc. j 4 polygalacturonase jLjjji&Vl& ^JjJI j 

ajSiLxJl ClIjjJc. 1.1a. ' °j» ■ b I&jjjIj jl La£ i u/ 1 ^.'^ ^1 J-° Jj^"'^ 

inill <fcLu«a jtii&J! ClLajjjl JUi.^) iiaj liUil .<_£ jliJI jl.i»JI J oJja. j-a]l 
LS J^-^ J)\^^ ajJaalil <JC. _jj CllLajjjl jJjlaJ (jli i >il <ill jjsll ' "'V'J- .' "' J 
. Aj^-LiiVI 4-lLaxJI 4jjj-a 'i^ljjj -lliill ^JC-jj ^JJ 1 ""^"^ Aj^a^all lujJI t -auL^a ^j-aJ 

(j-a <aJl*-aj «UL adil <l^j-a Jj ' JJ' 4^£j]| ' * |1 j£ j aj t jjlll j-a (J£ 

tiliill 4^£j (j^iUaJ Jc. ^cL-uJ La-a (^J L taiilj ^LyVlj L_Luji]l AjLaC ^Jjjjij 

J ' "j""'J ^-at_a3 jj'jJj 

(jS^j 2 <<<U AilLJI CjU£ja]I J bojjjlij jl jjjj£j!yLiJ! CiLajjj! l_sj*j • 

£j jjl ^1 J MuSCat ^g^^W t_U«JI <^£j j-a jjjo (J CjLajjjVl 

.^Jaijjwa terpenes ^jLujjj l5 ^LLa t_u& 
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(Jjlaj JaJ (jxs jUl£_jlc. — Ijjjj jllii^jll CllLajjjl (j-° ' "'I jJ_alaJ 
jjj JjLn-all (Jclajll (JvLk j-a inill ^ (JLiijJ ^gjll Aljl J^>*JI Jl J^ll 
AIa ^JUJ La-a i j aaall AjLafc (J^Li ' . '"'I IpSjj e jj aa.ll CjLISjIc. 

^jjoli La£ j-j-aalll Aju A-al jS jjl jjj Aa-Loijjj i.lnill AjL a3 ^ j' 
(j^J ^^iGtill j-aj cJ^J tillijj 'Anill L3^*^ AjlaC. ^^-ajjjVI M 

.^jjjl AjSj^alll AlLaC- jxaJj ' j/'^ J j^ jlill 
' . li» SI J_pi ^tiiall Imll 4 SI » a] jH£ _alc.— lllJI j-a lIi! j. ovinia . vi.*,,.* 

li* jjk. <31Lj .Botrytis cinerea J 2 j^' 6^ m^-"^-^ 

^Aalui-aJI i—uxll -Jj. ^-y ja.1 L-lLi aj (_£All ' Jj/ill ja*J!" ^jJ ^laall 
AlLaC AjLjj i—jljdSl £-a jbl£_jlc. — Ijjj j»jjjl ^iLjaj d£-°J JJ aa II ^L^jj 

^ul^j <illj j t(Malolactic) 4^ JjS J ^ j^3' 

. j ' " La 



jlj-a (j-a a j o-s Al]ja£]! CAjjJji-all £^j A ^ LaC - AjjjLa-a 

ls* 'UJjfi |v> jf^'j tLLLLaj i jLj L-u^a '-^j 4Ag£li t!/l!La) $.Liill \ g > >i\ > J 
ls'i (Liquor) j& Jj^»all J ja£JI jjiaaj ^jj jLv^VI sjJ&i 

e-Liill (JjlaJ /g > <at <i\l jjall (j-a I * )1 i nil (Jj3 La (Jja^ll (jxs Jit (_ff jja a 

j-lua-a ^ill i(j-aa-a jjl j& j) koji J^' J malt CllLall AiLiab jajj 

a t5^J '^J^' U • J-aaall ALLS ^j f.Luij]l (J_aaJ ^Jill CjLajjjVI 

. jjjL^s J^-^J aLiixa Aj jl^J dlLaJ^jt 4iLialj LK Clul all 4iLjal ■ " 1J IjJ ■ "I t J j-JI 

%30 _ 20 3l»nil AjIjVI i j-all AilS jj3 jj jj jLaJ AjLa*JI oi^Jj .dJLall 

■"'I j' balluia (jj^J tiillj ^jic o j!)L& .AjjL>i]! ClLaJ jj^l l^lml J jiJill Jit 

jLuiaJ j^liill JJ^I USxx ^Jj^aJ ■ - ua j t'ijjl»-a j AjauLaia AjlLii dl! j CjLajjjV 
jj J jAaaHJl AjlaC J 7- ■ aj| jj '"•*■*' Jjil La tf.Lii]l ' AjLaC. 

CllLajjjl tiBlaj jj .CllLall Aa. jj jjlt tillj j-a J^«' AjcLu-all tllLajjjVl 
^ lla jjAlA ^»3j Ait (_Lia3l AjlLti (^ijl^aJI j-a 4 1 glaJlm-cil) Ajjjj^jIxJI j£X±A^\ 
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AjjLuj jvLxJ dlLaJ_pl jllLaj La£ . tlllLaJI (jjU^A ^ _ja. j^al! lillj ;j-a oia 5 a 
^gi 100 ojlja. ^J-^ sLiill ^ jj aJ I <*jtK ^1 <La.j.i (_£jl^a. 

Brewing and baking jjaJt ^elLaj S jjJI 4eLLa 5.4.20 

(-3 (jaAjoJI c-LaJI £-a (jij^a-a Cilia jj,t-u: ^ j- 0 JW^^ 3 (j*" *.J£^t ^tiij 

J jj^' J '(Sorghum j»C.J_ajJI) p 1 ■ a-jjfl SjiJtj 4ajiH£ L-JjfaJI 3iLia) (jL»J 

t^JJJ j»J tA^jll jj_)xi] jljj^ll A iijin £-a *jw CS"^ "_A^t ; i— S^)*J (JjLlu 

g i jajq] ojJjll liljJJ JJ aaJljt .Ixj .ajjLaaJI £-a ^ j- 0 ^ t ~» a -J.' aaJ (_pa! jaJ J^jjJ 
'ijJjit *jl i (j^s Ai^»JI j^i CllLaJ^jVI ^Aajj-iij 1 3""."*"' J I fra J''' j"' ^^^aJ (jl (Jj3 
CjI j »JJJ ""^ s ^ '^jK-' 1 '^ j^j*^J JJ"''"'^ AjLaC AjIUlS o-iLjl 

AjLat <U!Lal (JaJ (j-a 'i-lcLom CllLaJ^jl ^Aajj-iij La Lllc-j .^alj^ll Ajllc- 4jC_aj 

CllLa 

1 iLaAaluil 1 - Ua ' ^ AfcUi (JLa-a ^ 1 ajiaC. LaLaJ CjLajjjYI ' " lifla Jm] 

i " |1 '.j j* . ,.<j a jjlLa ^jjj pLijll liLSaj (Ja.1 (jxi J jixJ jiLlJ— lill tAjjiail! ClLaJ jjVI 
QjB jiLLaVI j=>J_pt L>° ■^■^ ^J"* "I (j^-'y ^J^ 1 " (J-a*J! (j^i a^J^aJt (jS-aJJ 

4_ii.^L^j oJui Jj ?-i ) Lax CjSj]) *»a j i-v II ^xia J^*-^ ^-^J 'f-Lxill J)-a j la a frja. 
^jk CjLaJ^jVI (JLaxluil sjjiLaJ! j sAiAaJI I " it j j Lull (jx JJC aa ^i! ,^±aJI 

CllLaj^>j (jc Jj^jS a j-a]l CllLajJp'VI »\ ^aHmt (j^aj . _^AaJI 4 c.1 *' i a (J^-?- a 

^3 jjii jlxllj .(J s^c. I g J , ..I AiLjax 4 jjl j ajS sjLa '(aj^-"^ _J^I 

(JajuS «.Lul a JJJ^ <li.ljia (J£.ij'u ^^jll I " ^ IjJ JjJI (j-a Ac-jxa^a jA (jjaJall 

jLala.1 AjLaC JiLa. j^Ui^ti jj^^ll iixu£l (gjlj jlc- (jJJ jlill <Sjjuo j-^ au . (jjajti! 
^AaJ! Ajc _jj Ja.1 (_jx l^a. 4-a^-a A^jjill si* sj3 j 4 J>AaJI AjLaC J^La.j (jjajtl! 

(jl jIjjjuiS jVt j jLuiUlj < ( JiV "..'^ it) jLuLl^ll (Jl« diLaj^jV o^* 4 ^ J ""'^ 
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Fruits and vegetables jLiaaJI j AS\jal\ 6.4.20 

jjjiaj ^ UujLuI Ijj-i <LuiaLall JjSstll J^La. dlLajjjVI Clixl 

f-LiilLuVI (j^-aJ V (JjLuj CjLajjjVI (_J£xuJ tjVI .A£ljill <aJljL^J 'i.la.la. CllLuSj 

dllla} A$£li]l j±i aft ^-allla 4_i,,idSlj 1 g AC. 

i 4_a^-a ClLajjjl c?* j/' . Aj^LaJI CllLajjjVI (j) ■ JJ'ntll o-Ajj 

^laliV 1 g "J^ -1 ^"' J^-a. (j-a lillij 4-ailai ail A \\nr. <aUaj jj i a» SI jjj»J 
4£ljAll £J-aa. .laljli t^jtjjialt ^Lull ^£*JI Clll.ls.ift j-a _&& jJj£Jlj . (jii£jll 
4 y a aa SI Cjlftj^a all o-lgJ (j£-aJ . iilljjjjj£Vl*ll .j'-""^ j-a (.g-'-'Luil cJ^-^ ^^Jj 
' j*Jj ' ^^Lal£ jl ' J/""^ jJxul (J£joi ^^-Ic 4 ^".'"'J" ji ' .ja. (J£joU -AaJjJJ jl 
o^aJ ^- SaatJ (_£_ala. ^ a i a£ (jJJ^jll (_J-a*J . ^jjjj^sVI Jl i^jJjaill^ll jl ( ^ jJjjIjjJI j! 
ojUj ^gJI (_J^JJ La-a teLalL jjj£JI -W^JJ '4-g^-ill U^^)* CS^ J ^ C 4$£lill 
<_Ja.l^a (_£>La.j . 4_u j^-all 'a^a!ill j-a U i a» SI (j£)Llal ' ■ lac i all j-a lS*? ..'J '4_a.jjlll 
JJ i a» SI ^ciii-a ^Jjoijjj Ajfij^aJ AjLaC jj£-a!il jiilLllI (Jj^"' ' ■ LaJ to^aLlall ^llijVI 
4j^aLa. dsl jj£_aj AJajail _aJ jJj^axJI jj i aft dllailjK ^-">JJ La Lille. . ^Ljjll 

SjjAui (jj^Lu jj^aaJ! S Jila <Aac- j£l j SSjSlslI LS \c aMA ojja Cj|j 

. jjSajll aJaaJ (Jill dlLajjjVI ^ laJjoil jj.1: 1 - u"l La ljj AiKll <xij^a j 
ialiaJI ^gi A al iaJLul t jiiliJI jljiuil ^j^I 4_j^LaJI tllVLutLuVI j-a j 
o^A .A^£U1I (jxi £_la2 (_£ jaj ^jjSI Clll jjJaaaxu-ajl ^ 4-aJjjo A^£lill j^C- 
jl (j« <^£U1I j xJa3 ^iaJ lillj j eAaa-all j AjIxaJI a£I jflJI Ajjft j^i 4 SU all 

tiL-jl <i"i ^^ic. ialiaJI (_Ja.l tjSiZLA) jljiLul j»J^ * .l^a. Aj^)ia ^ j i aJ 

a > aa all i aa Jl £_Li 

Forest products cjbliJI cjUila 7.4.20 

Ujj£I j i^lja.VI - 1 laloil ^jlft 5-ajlSll ^fcllj all 4-al& Jjl j2 ClLajjjVI 
JLkjj t gjJaLall (jjall CjLliutxuJ ^ .^lull ^jLaaJ Ailau-all lillj Aj-aAl 

Jla tdlLjjl ajSlt A^S j'^' Ja.1 (j-a <Jft jill (XylanESCS) jliibj ClLajjjl 
(Wood ujjiaJI lAA jjl <llj] j^-laluball tjjlall AloiSjI ^Uj j jjKll 
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I i "-J^"' t3ilLaJI Aj^ajxall ClljjLaJ^ll JjAjS t jbjLljll illLojjjl tf k»J jlj .pulp) 
jl La£ -^JJjil (JjUaJ ^gjll 4jj_^a]l 'ijjK-all AjjjJaaJI CAj£j-a]l J !>ljLa-a 

i S aAaliuiajl L>° ^JUul eLajl ' a ,_2 Laic Igja. jj lilLiA 

i . ilia £-a I^A (jj^JJJj ilj^juu jj£I ~ j i a3 Ajlull Cjl*jjjji2lli '(jjjjSI lP 3 ^^ 

. Jjl^Jl (j-a LaLaJ (Jli, L3JJ 
J&J .^iiiaiAll (jjjll J^J-^ S^lc-J jAj _y-aiil J ii.1 ^>a.l '^JJ tllljA 
e lalLall d lUV jil ,j - jaJLuball (JJJ^I (j-a %30 Jl J^- JJJ-^ tJULall Jjfui 

CllLjlij (jjjj j-a Jf^JI ^_)V t ~ 1 ^-^" r " Ji_>^ C5^>^ '(J-S-all l^& Jj .AjfLlJ-aV! 
Jaj^lo JSj^iJ j'^*' o Jy-a-a jV Jjll i " ^liLajjjl j^a 4 iala -I latlml 1 lilljj 1 1 ■ ul^all 

^lljj CjVI JcLuii cisLajjjVI oi* (jl La£ • ^1^ Ajij^l uLjjLi£]l -I i^luil 

4-JljJ Jjjja jC lilljj ijjjiLu (J^xij t_J-oj«JI (j^s ^J^-C- Aejjj Jc JaliaAl (jjj^l 
j& AjjLall j| j-a]l jl jja. J tAja ijlj S^La _&& jUJIj .4j_jLa]l jl j-aJI jl jlall 
jiilA AjljiJ j^-aJ • ('^J^^)^) JJ^.. dllluijjlt Jc JjllaJ ^llaj — " 

^lAa^iuil (j^i V-lJ 'l3J_?SI Ac-Uj-a CjVI (j-a LlAjjjl jiil jC. ^all jjc. jjJjLall 
' A_pUI £ys jll (_paikj AiLial iAjjj^all j AjjI£JI b jj^all 

Dairy <jL&l oUSi« 8.4.20 

^ljjUII CjLjIAj Jl I . Uia il (— IL^lia Aajlx-a J CllLaJ jj^l JLajtLuil J jxj 

Jc Aj_ala a]| ((J j^Jul s-lx^a CllL alklLmx l^lml t jj . \l ^>jIc- Ala j j-^ i a all 

UxU Jj .(jiaJI ^IjjIj t.ijUH j^iJ i(Chymosin) ^jjj^jSII j^jJI ^jjjl 

4iLial iAjjjoiLa ^JJ^ a a (Jib (_5jiJI jj"'J «j^l £^ f^J '"'J 1 ^ " SI 

jC. (JjIajS ^^-fj jSI 4_La jJ^iJI jlij J^)jll dlLajjjl j-a JjAaJI -i_J^J Jj 

'(Casein jjmK\l) <■ ; ulaJI jjjj^j <j* ^ jUall (j±?JI Ciljii-a jjSj . jj jjAj^ll 

jSjj tlLii, Lajtia CjU£^aJI oiA lilllaJ .^!>LaVlj ClI jAaA_aJj£]l cj_oAA5lj 
AjLajjj^l CLOLalaklU j j laJj ((jlaoall^ ^jjalill jJaJl ajj-a-all dll^lll 

Liijij AjJjlaill AAjJaJlj jJaJI ^ i iajj ■ ■ lllaJJ .jjA^llj ' "'^ JJ.'^ Aik^lj!La]l 
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4-lLaE. £Ji^uHi ^Ljsll tAjCjj CjLaJ_)jl 4iLjaj (jjj^Ia je j£-aJ .1.1a. 4iK a AjLaC. 
Ufuj jl^VI ^1 jjl ad 41Lv j-fl 4j^aLi. t^iK J^J <jf?^l jT 1 ■ ajj 

(JJaj CLlliaJ ^^Ic (jlaJI ^Liajl Jja. ClslajVI a .la] ~ i ajll Ajjlaill j 

(J£joJ <jLa*JI oio (J.<u.i.Tu ■ jl 1;. nil 4-Lls. La£ vljliijjjji] ' 8jjja 

^jjjojj Ajsu 4_ia.jLa. j 4_}Ia.l.l jl^jlij ClsLaJ^I 4Jauil jJ ojjj^aS ' "'^ V'.'.'J **J'J 
<JjAj£ jLlLylll CllLaJ^I jl-aJC.1 CS^?- ^ .Ig-axJaj jlilill dlL^al J_jlaJ 

jlijiJI jl J jaJtll b^iu» t j^alkluLa (je. ajLic. j t(ReHTiet) 3 a all AiiajtS 
ji*ia a .la. Jy3*^ (J^l (j- 0 jW^-^ t — '^3^^ J V a Aa^iall - laliuUj .4 Tji 
<jx>) <Xa JJjaJI t>> Jit! (j£aJ .elijjll jlla.Vj AjlUajVI (jWVI 

g J u5 a ojJji^3 (Jx»l)Ijj dllj (_>iaLaa.l jj-o VI^joiI ^JJJ (jl (^jj^J-a Jj^a! 

<Jj.l]| (_pa«J 4cjla-a ^^A A ija »JI o-l£i .A^iiaJI 4 Lla & ^ .la.ljJJ tillil 

■ l^g-al TV'i< nL Aiajjj^a Ja i a jJali_<s .l_aa.j J aJa.1 ' ^ 

^UVI J Aaii jll jAUoaJI 5.20 

Regulatory and safety aspects 

ClULaC ^J-aa. <LLaAYI (j-a AjIc. (_jlc- jle j^ia LaA aJ_jaJI j jLaYI j) 
(-3 — dlLajjjYI — l-^jlj Ajtjllia]! ■ 111 j£s& - laHuii La-lie Liajl Ilia Jjflajjj .^llliVI 
i lg_*| .laJiuJ jlj tA-UUiJa I 111 alia ^ya CllLaJ_)iY! (jl j-a ^»C.^)11j . 4jxjii^aj]l dlULaaJI 
j-a jSljll ^1 (j3Uj& «Ujj.uiftII CjI£jjuo]I jl Vj tlgiLal jjJJ el .1x1! "Lailx^ ^ (jjjluill 
^15^)11 ^jJajll jl jjSl^luixll j jjljjll t _gJc ^>iaa. (_^l (J£ju2 V L^jl^lla jl 
A \r > <ij]| jojl jallj (Jj-lII aJaa a a j^a a l^JJ a i ""'j ttgjjli aaJ j >4 iVq'ill diLajjj'vU 
1— lljjl aj£JI J^a. ^ajl j3 ^ AA.jia CjLaJ_)jVI sis - laa aj .AjjLixj^II jIjaIU <S1«Jx]I 

(European ^hjjjVI Sjal jlall ajjU^II jI j*1I jja. Jla iAi 

Jjj ^ Inventory of Existing Commercial Substance (EINECS)) 
Toxic Substances Control 3-aLJ i jAj jjjli j ^jjjVl jUjVI 

jli tAjajjla Cll^ila Ljj L-Ujoijj .AjSjjxVI SJal»ll CjLiV jll ^fl Act (TSCA) 
'at ' J ^J-^J L^^^l ^VLa. j^l j .A-ajla]l L^a.1 jjl jj^i al 1 a a CjLaJ^jVI (J <a» 
. 4_jjj^JI Ajlilill dltaala ^ iaju o i a dll*J^ju2 j^. >i CjLajjjVI 
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4-La j£a. £l$\£> j lJ^ (j-° Aji&VI <LaJl*-a ^ CjLaJ jj^l JLaaluil jjall 

(Jj^ll Clbala '(^JJjVI -llajVI (J^lj . jLaVI CjbujjjJj c-1 AiJl ojlaj ^gJc L_Sjj£j 

<jJlxJI 5jau^all <-Jala/ AjJjjll Ajj&^l j AcljjJ! 3 a3al»- jUJ eljfa. jLajl 

Joint Expert Committee on Food ^liiJI cAaL^U -F AO/ WHO 
Food *j5li*]l CjLjjLuSJI cALjLlL* AisJj Additives (JECFA) 
cjLajjj^l fliiaJ fJaS ^1 aj^jjII jcljall Chemicals Codex (FCC) 

(LjjJ) AMFEP Jla AjIjJ CjVI^j fjiij US .4jj|j& CilaljaaS 

(jjiylLa ^-^a _JJ ('S!-^L>' a ^' 5^aJL»ll dsbVjll ^^i) AjjSjll CjLajjjV A£- j aa aj 

(AMFEP) SjjSlal! AjjjjjVI jll o^a c±>uJaj .AjUjII CjUjjJoII 
Good Manufacturing Practice £ii?J/ h*/u^~il jUU ^LSII jjjUJI 

I jdjiJ jj (aiiljaJI qa SjjaUSI *|jill ClLajjjL ASlalall (GMP) 
**-'J£ a " <— -iLljlS (j"° iajp <Luc-VI 4.aJUa 4 a iklmail CjUjjjVI (jl (jUiJa ^^Ac 
(_£jiaj ^^i]! 4-)^ all CjUjISJI dlV^Uu • UUi JJC-J Ajiiaj-o-a jjc. 

CjLulSJL La ^ j ^U>UlVI 5_ila*]| S aAklobaSlj t_J jj^iU DNA ^^Ic 

^jaj tGenetically Modified Organisms (GMOs) Lpljj 3ii*-all 
Ja»£ (^jII aT)LJ] ajjIjj SjU ^ Lmj jgjlt AajUSI CjLuI£1I 3il£ cjU.^il 

.LwaJl j_£jJaJI LjjUl (Jajoi jxjjSJ (_£jaj US tAjaAiijVI AjLaaJI 

t _ 5 ]c t_ia.jJJ t^JUSI C-Ujl ^J'O ^ a ja\l CjU jSaJI jJjUa ^^Ac f-Uj 
jlS '^Inll jl (jjjLill (_£^j£ jl ij^y ^ I gjl aula jl jUiia ClsLajjjVI ClAS^jui 
£-a^ _a& AjLaxJI si* UU3I c.l_^.VI .ia.1 j] .^Jml ma jda. ^1 c^ILa t^J^J 
4jju^)Jij]l CllVlSjll ' lit Alalia I g j^i ^£l!ill j ijjJj^JI Ajaui jc. 

US Food and Drug Administration ^j^Sfl ^IjJI j ^-liill SjtaJ Jlial 
Environmental Protection Agency Aiyll AjLaa. J (FDA) 

al laluil ^^Ic. iULm jl£ Lajjl iCllLaJ^^' * ' ' a " t — ^ LiSJ^ -(EPA) 

<JLo tAjaJI dUljjaJI J laluil jc aLai dljUlkl jl ^la.jll ^ Cliljliii.1 
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-iil .CjLiI jJaJI ^lJLui* 'ii_ja.La - 1 i act jl iLjjJjSJI jl tl£>LiJI ^^3*° 
Cj^lclsj Cj.laJ ClLajjjVI (jl ^gjJaLall (jjall (j-a CjLujiuJI J±\ jl .lLa lij^a-a 
Ajjjoi jijlj _^*J . ili ) jl jLli£ ■ ** ia i"< ■ i.l La |j| (j^aLi-uiVI (_>a*J (_J^J 4-UaLuia. 
(jj . t,"\r\] jIjc j (AjjljJa. LllLj i^iSall L_S_&ia. (jLouluil (jc 4-aa.Llll A^LuiLmaJLl 
alj 4(_Ja*JI (jlS-aJ (jjI*J-a (-a ■ a JJjlj I j> aa CjLajJ^U 4jjjLuiaJI 

Laic 30 ( _ s J!_&aJ (jj£i^l»aiA]l (jjj dsLaJ^iiU 4 Ja i ^ CjIjjjIj ClsVla. 4jI (J^- ■ iu 
jLlill 4-JljiJ (JJ^)^ (j*- ■ (J- 4 *-^ ij^ 4 ^ ^JaJJ^all J i aa SI £Xa (j^-aJ . IjjjSJ 
.Ajjjja. jl <ljLui CjIjj iaalLuba al lalm! J tjlijll jl el_ag.ll ,j jjaalall 

Further reading 4j£L^) ^if 1 6.20 
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Recombinant Proteins of High Value 

Georg-B. Kresse cr^J^ £JJ* 

Roche Diagnostics GmbH, Germany LuLai iGmbH ^tuaja-uuli jSjj 

4j*M AJlfr ^tiujjj CjVUlLu.1 1.21 
Application of high-value protein 

JaJ^iLi. ^3 (jj^ ^° o-ilc j t^li a0[ 4 a JJC. j. aallui a Cj^laJI - a 
^llaJ jJill AjjLaall l— iVLaaluiVt (j* .l-ic ii3U& iJjlLalU 3 alia a ClLajjjl 
<LaVlj . (4 <i/q\l <Jlc (Ja lillil j) ojlajll Aullt CjUjj jjj 

^jj^JI ^UajSlI JjLs^II 5iLbVb t^UUI Jjkj j «S mUI 

.(2.21 ojaall jiajl) ^j^JI cr^J^J^' J 

^-UaiaVI CjLoj jjl - 1 'ijliil! AjIIc- CjLoj jjl j3 jj J>Li. {yn <j£^a dll ua St 



.^jjjjjJI Jjkj pjjji ja :protease j proteinase Jjiijjj J JAsjj 1 
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cRNA _Slj DNA _ll 3 Jj^Jjj ^j^j < 2 4Ak^ tf*pjjfcj$ 

J£joU ^(Jj jjfL^UJJ jljiuiiljjj ^ jY JJ-llA J^J^-iJI CjLaJ_)jl a ^ ■"' 

•Glycoproteins ajjUI cAijjjJ! ajjUI *\ ja.Vl 
.(3.21 SjSil! jlal) j-^UJ AJUil! *ljJ cAj jj 

<jl£ pi jjj tUa. jJ jJJ 4iajjj-tt]| ClliiijjJI 4ja.La. (iltiA iiiili ^1 5iLiaj 

AjjLiaj J Agonists 1>jIjj) Ligands ^Ijj 

Ajiuull 5_kJ jj i Jj^"' lM Cy \ • , j 'CjUafLa jl (Antagonists 

e • • • 8 c 

(jjiL-ul ^jJc Ajjj-o Ajljj^ ^iLaj NMR ..■jul'ti ^11 (jAjjll jl 

^lljj li& t_llLjJj .<lc.liiLo AjlUAj^i ■ - it ;<j o aj a i eaJ ^ Jc-Loij i_i£ja]| Ajjj 
(jLia.VI ■ . lie.) (j^l j < (J J*lli< 100~ 10) Ijun'l J^»J-a JjLLj LS \c CAjjJjjllI 



<Ji.ta « tijlau jjK joj 4,1 nl.. ^Jajj diUujjl :endonucleases ^JiijJSj^ £Lk3l Cilxjjji 2 

.(DNA) tijjill <j^«=J <UU 

.RNA —II j DNA —SI J~iU c UuU ? j£ cL.Uujji ^ : polymerase jIjjaJ^JI 3 

j-lkial fujji s^tx._>j j* j 'DNA —SI (j-lkSI) JjUj ja :nuclease jljHjjjll 4 

_!l djIjiuKj^ ?J i;) exonuclease y^jU. .^U=u5l ^ ji j endonuclease ^J^b 

.(3' o*U&i\ DNA 

. j^JI JJ^j fj>l ja :glycohydrolase jV jjjja jljiUJI 5 

.Jjjjl^UJI Jab :glycosyl transferase JjjjliiUJI jl jji-il jj 5 

.glycobiotechnology jjjjSj5UJI <jjj=>JI 4jl£ll 7 

.Nuclear Magnetic Resonance :NMR 8 
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Analytical enzymes 



4AA*j1\ liUjj&l 2.21 



J jjj <_£iSI (Jclilill ^jj J «.l jju Ajc jjll Ajllt Cliljjja. (j* t_jL*J jjVI 

aLoi^VI i_ uLa. JJ tCiLajjjVI jj tLii*fl -AjIjVI SjLJI jLu^I J J * 
^aiL tiillal .2_je jj 'kijjaunW (uuSI jSII) JclaiSI jl j* jj£I tajL-^SI 
Ijat t JliiSI (JjjalSlj /jJJall j^aiajioll JLa-o J 4_i^aLa. tJjlaaSI J l^loaajoil 

lij) (Reactants) CjM&liiai] j£aj 2 mK^<\i t i,,J j^lb aiJI* jj! jiSI ^ 

4_LajjjVI Ajllxi]| (Jaju jl jl (dlLajjjVI J ja. j J 1 Jjl J "J^ <JjaJJ (jl (AjIjI j|^o 
*j£jj .(Clli SafLa jl Cls^UtLaS Ja*j Clul£ Ijl) Uj£ JJJ -laJJ jj AjUjiaJ 
<J!la i4_Lajjjl JJC. ClLylclij Je 4_ojla]l djl Jjlas-aSI llAjjifc J dlLtt-ml j JJJJ I ■ <aj) 
jl ( jJjjaixJIj ^jjidLa 11 (Jj^aall jiajl) v talmxjl j jl ■ ia^SI a i na SI jJJ JaljJjVI Jc-lilj 

.(Oligonucleotide) ^ jjK jjjll cj^j DNA jjj jja^iSI 

(Recombinant) l-jj^LJI DNA —11 Ails J!>U. ^> USL^ ^u^l as] 
jl nJjLjjiaall jl tUj-ftSJ tplaj i_jc!&131 JJ AsLjaiL tAox^l jj^. ^| 

^_5ja. ASj . i_JjC.ja]I jjJjjjSI ^lllij J JaljaVI 4j*J "-iLy^ Jl ""'I j *■■«■ " 

J Jc-I cllUjluLftj 2_)jjiLa S jj^ ^ Cllljjl£ (Ja.lj tljLajjjVI j-a ajjstll jC. jJAalSI 

<JLa-a]| ^joil Lus -J^'l Jjla-SI Lj^-a. J IAjjj*j (_ff jJjoix j-o oj-a 100 10 
J CjLiajiaJ JJ 5iLiaVLj iCjLujjVI (-3'^*' '"'^ 1 l3/°^* J 

JllSljj) JJ-aaall tllULaC J 2 aaaliau>j| alaj>,Vl J i aJ JJ SojIsJI AjjjjJI ^Li&VI 
(In £3jaJI J 4jaj-aSI jjiiadll dlaljl aaJ iiillj Je jj .(2jajljJI djX ball 

<kijjJI CjUjjjVl j-ajL^a. jjxuaj Jl site-direct mutagenesis) 

.l^jjl^lajl 2_a.jj jl I < Sal ujjj 1 (JlLaV Jj» Jj ^ j^J^j' 
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Nocardia erythropolis 
or Brevibacterium sp. 


Cholesterol oxidase 




Pseudomonas sp. 


Creatinase jliuUjSlI 




Pseudomonas sp. 


Creatininase jlijiuLijSlI 


t^a^J^ j- all (IjUjjl 
AjGUajI till jjlx-ail 


Escherichia coli 


glactosidase 




J (jiaJI jlai 

Aspergillus niger 


Glucose jjSjliJI 

oxidase 


1 UjlJ-a aj vjll J &1*J1 


Leuconostoc 
mesenteroides 


Glucose 6- Cjlivoja 
phosphate dehydroginase 


•Nl t 1 Ml • *1 1 11 ; 


Bacillus 


jljjjjS jlc.-lill 

a-glucosidase 


3-u!ilii]l cjliiji,mU\l 


Aerococcus, viridans ■ 


Glycerol-3 -phosphate 
oxidase 




yeast Sjj^^J 


Hexokinase jliA£jj%JI 




horseradish 9 jU.jaJ 


(Peroxidase) jlAi^jjjJI 



. jU. Jai (Horseradish : jUj=JI 9 
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Pedicoccu sp. 


ijlilijjjjil ji i) i -< jl 
Pyruvate oxidase 




Pseudomonas sp., 
Bacillus sp 






Arthrobacter 
protophormea 


(Uricase) ^jjJI Jai^J 




Klebsiella aerogenes 


(Urease) jLjjjJI 



jj.nj^.ViW jJjlaJI oUij&l 1.2.21 
Enzymes in diagnostic assays 

t_£ jA t_i*L (End-point assays) <jI^-> <^ cj/j cjl jjLlJI <J 
J&Ui aj! jVI si-all jj^ (Analyte Jl^-all i__i£^>-tJI) o jj^Ji -i?- 1 ^ s- 1 ^ _W 

Laj Loili .13 ^glill 1 ^ll (J^aL^ilaVI ^ " jl <^-?-d) ^J<aj Ua'Vt J 

oJcLj-a 4-lljl o^Lal J ■ <aJ " j« jl (Jla all L_l£j^ill Jj_4iJ j-a 

(Jillill ^ nil yj\ (jjJjfLiill -IC-Lous (J£juU ilC-LuL* (_J-al*J jl 

^ji U>=>j cj^lij ^ NADPH 10 j^jjA^H J-LJ ^IjjJSj^I 

AjLols. <Sj ^ -i,iU (j^-aJj 

j^all (j«al ■ aiLaVI j^alatxs J!La S4ij^)*-all AjjUjjill Clll jdll <_J!iLi. j^s 4_aJdill 

A&lxJ . f. j' tall j aJ aJ (Jill jI jJI aIU. (J (Absorption molar coefficient) 

a-iLall oLaJ - ikluulll ^jjj^l (AjCjill) j^ii ,-iV' ^lo ajjLx-all ^Uaj (j aj aAj 

^ 3-a.lklaiJI 4-algJI CllLajjjVI (jC 5-al& 4_a-al 1.21 Jj-l»JI Iff^S -^J^' 

ikjj ^^aJ^pVI tJjlajll ^ 4 a laJjoi all CjLaJ^^' " (jj ^J"* - '""'^ till JjAx-all 

■ -ill x II 4_LajJ^a. AxJaJI -I laJjml J ^iii (_& j tajjlaiJIj Ijjjj^jII qa 



nicotine amide adenine dinucleotide phosphate -.NADPH 10 

.(jj^jjA^U Jjj-<JI fLijjVl dehydrogenase jlu^jji^jjll 11 
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(jj^J La o^lcj^ "jjaij^a" Lj^alSj 4j JaJJj-a (Jclilj r'^&LubaJI JclijH" ^^Cljj) 

^lii]! Jelidll lift (jc t Ajjl£^J jijj £-0 i^jjlj jaa-a Jclij 

4-alc ojjoij^a d^lelij (jljJ^I 'U^P>V1 L_ lllc. tLlLaC .<Sj(g mj 

<_l?^ jl.lUjiSjJ.lj j»jjjl OJxujaII CjLajjjVI (jC Ai jj*^i]| <l!laVI j-a J -^JE- _ai]l 

cjljjU-aJI (> jj£ j^c horseradish peroxidase jL>j?JI 

ojjL*-a ^gJc VliLa 1.21 (JSjujJI J^-iaJ • jt^AuiS jVI f>jjjL) 4jjjLdl 4jjLaa]l 

(JjLa-a _aaj ^gJc j . jjl^a ^jjjl£ AjjjaiLall CjLajjjVI ^.laluij iAjjjLa 

* • 1 3 * e 

ajLai'VI .iJ JJ (J^ jljiuojAllj ( jl.lui£ JJ^I t!/l!la) dlLajjj! a 

<JC.Lia]| till jjl*-a]l a^Aj l— SJ«J ^>jjjVL) A 1 1 a Aj&lia dlljjLr-a ^ ( till jjoij-aS) 

Enzyme linked Immunosorbent Assay fjjjVL <L^iaJI ajiaJI 

.( cbj^j j^l) (ELISAs) 

Cutj <Laj3 j* Jal 4-LajjjVI "LJjVI 'a.lLa]l JJ^JJ jj^J LS"^ <— Sjjiall <ji 

iia^La]! Jclijll J^a jV SjljLx-*} Jc-UjII <L£ja. J^-a> (j- 4 ^-Jj^' 

4j£jaJ dil jjUt-all (Jlii .aJjVI s^Lall j^j^ ^A 1 ^ ' . 1 '"' " g . 1 "*j aJL^JI o^a 

Jal AjI^J ^Jaij Cllli dlljjUt-all ^JlC j t JJjS Aa. JjlalSI (j-aj 

(jl AjIIc- AT m '4-ajS aJ dlLajjjl - laJLuij LaS t(^jjjj_ajuSl3j Cj^Li.ljQll Ajjjil uta 

La Lllc. <^ a,T,lj<\l^ Jc-UjII jlj-a ^-a (JxLtlll Jj^ i (Jaj (j-aj .'sjjLt-al] ^1 jj ^| 



fjjjVI :oxidase JjjuiSjVi 1 
.Cjliujall Jj>JI fjjjVl :phosphatase jliiujiSI 13 
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cLjlLill (j* j a^.uu*, cil^AjU (Immobilised) a£j^JI SjjLo CjUyji - ^"...* 
(Tes/ strips) ZsjUHVI djL^L ^211 <J j J£Jij ^ i^j . aj U j& j ijjjJI 
^LLs 16 ( jljSijjjiiuiSjVl SjIc ja j) jjVl » jLa (Biosensors) ^j^JI 

liA JjJ^-j <_£J^! 4 SjLal! jjJ-«J AjLaC. ^gi .jcLuiJ (fliJI " iJa alt" 

SjLij t "transducer" AiLLil Jja-« 3 U J jj cJjLuaJI 

-i-ic jjjlaj ^aJ Jill .(2.21 (JSjill) hjjjjS]] LgiaJU-a j I g aja i '— (j^M 



HO — CH2 




(p)-0-CH> 



OH ADP 



ATP 




(P)— 0— CHz 



G6P-DH 




COOH 




OH NADP- NADPH 

JjSjIxjI SjjUla :j*ija ^jjjl at la J ml j 4JjjL« <Lujjj| IjAxm »UaII JH« : 1 .21 Jauiil 
jjj^j 3 * 1 fllj . CiLiuj j£— 6 ~~ j jSjliJI JliiijjJjL^jJ >Jjjl j JljjlSjjSj^Jl Jj^jj 

-6 _ jj£jl*JI Jclili (JfrlilSI (i* uj^t .Sj^uUa 4jIu£ jjLaj V (^Lial) j&Iula 

^ . (G6PDH) cjlLjijS-6 JUjajjJjL^jj »jjjl <Uxuil jj cAjj£jI&jiuija-6 dilLuijj 



. Jajj J <_£qj ^jJI JajljJI j* :(non-covalent bond) ^-^Li J ^ jUol! jjc Jkil jll 
. JjSiVlj s^Vl jujjl ja :oxidoreducase jUSjjjjau^jVI 
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-6 JjSj&JI qa mole jsl +NADP mole 1 Jjikl ^IjII JcliUI lift 

u\ ■ 340nm JjL •Juki] ^LLa ikuil UjjJaJ ^1 NADPH 

(j^waaj « jA (G6PDH) dAiuijS— 6 J'4^jj j j^ j 0' ^ 'O^J (^ulAuifl 

^jjaJI ^L-u^l JjIaaJI fliilu&U Oj ji£ CjUjjWI 2.2.21 
Enzymes as tools in biochemical analysis 

laJLail ( _^jfLivlx]l jlSluiVlj CjUjjjjJI Jjla«J (-3 tilJj£j tdliiaJI 

•Glycoconjugate 

<J1\ JkU. c> ^ j cSJ^Vl CjLuI£]I j CjLu jjjall ■ tDNA —31 

4j2j*JI Cll&lxJI ^L^ajJ <_M L> L^aJ^J 'DNA —SI 3 - SaSS SjjAall JaUuVl (jJJ 

tRNA —SI j DNA —SI Jj.i*j ^Wjjf u] -(Phylogenetic relationships) 
cjl ji l$J£ (DNA —SI jl jjAjl jj ftjjjl Mio) jl j^jS tiiUjjjl 

CjLbjj_jjII <±ii (Jits 7 * L^aj' diljjl ^-A SjlajSI AjSIc- CliLaj^j^' uj 

(jjui£j) ^ SajjQ <J£. _jj jlij jjj CjLaJ^)jl a l^Luij . / j>_ J lc l^laj ^^lll CLlAjJxjIIj 

c 17 * 

jl (JjiaaS jVjJ^jlA jSjliSI CllLaJ^ L>° ^ J"T~ " - '>■*"'' iiiiSi jljC- ^^Sc-J 
.4jj£joi3I Clljjjj^SI ■ . ij^JP ^-S Aikl^SI CjIjJijA jJJ^I <SLqj Ajjj ijj^aj 



^jljiUJI Jo e U »l5 j=- ' 'j'q' pajsl :glycohydrolase jV jj^jU jSjSUJI 17 
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^jjaJ ^L^uiJI JjIajA LmiuLtH £iUj&) :2.21 Jj^Jt 



jl CliLoj jjbU J j la nil jjlj (Jjlajll 



(Protease) jLjj jj^I 

C — lys jliijjjjj^jj 
Lysobacter enzymogenes 
( jliijjj 8-V) C-glu jlijjjjjjajj 

Staphylococcus aureus V8 



O 1 WVlj'M \ sJ^i_<J| jUj jjj CjLoj jjl 

Neisseria gonorrhoea 



jl llj.ii j5L£jliJI CjLoj jjl 
jljjjLU jjLjIc.~Q j D jl-lUuijSj^lc. jAil 

Diplococcus Ijjjj^j o-> 
pneumoniae 

jjjj£j!>LiJI j ol jjLiA_jjj£ll (JjIsj jIajjlu jfL^lc.— N j F jl j£j!iLc.jijl 

t>> F 

Flavobacterium meningosepticum 

Lijil^j p£ jl Aiui j^j^Lc. j^jl 
Streptomyces plicatus 
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4JjVI SjUJI Jjjai <|jjaJI jtfaJI j» jSj .<|JJ»JI jsu-IuiaU flull ^ jfi^l :2.21 Jiwll 
£yi 4jjLjj$S SjLil ^1 gji»ll lift Jjaj ^JJ-^ '(j^! tARJJJ Jl cAfcil JSJJ jl if^a^fifl j\ 

.(Detector) ^LiLS <Uaul jj L^JLa lb »j I ^ ■ qj jjaj >j i^iUall Jja^ JjS 

4j1jM11 LjLuJlSU LjLliala 3.2.21 

Special requirements for analytical enzymes 

(j^ Ij^c. Ajlilaa]] Cllinlaill ^ - laJluilui ^gjll ClsLajjjVI (jj^j L)' cs^-Ai 

I J (J^lrJJ o.j_aaJI jjjljt<a 

jlj^o oLaJj AjjjLaJI <LajjjVI AjlLxill <— jUc \{rya;~a±3ll) <JC jlll • 

j| 4jj*]l .l^ljlu jl (j£-aJ ^gjll AjjuiLuiVl aAj^\ a-jLall jjc. ^J^l 

(J^ljjJ (_5^>^l ClAjjlo jC] j\ iAjjLa 5-LaJ_)jl (Si t_lUc. ,_£l '.SjLilll • 

4-ljaiiaJI -1 ikluiVI ^^Ic. IjLaJclj L_ii2£llj Jj^-s.*^ S^alajl pl.il £a 

i(<Ulxi jjc. ji.1 ■ " il jjj i . il jr. ojjjj^iallj 'ijlaill ^gi*^ V 
-Wf" UJ& ^ K cat j;}a^ill AiIjj K m AjLAiJI ^jjVl 

2LjjjJ| 
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CIiIjjju (jc. ^a.U <Ja.ljj «la,jJ V 1 " Ija ' ~ L.„!l ( j^ a lj^, j 4j]liL^jyi • 

.(JjS-llI ^^"'^ (JjJaoJI jIjj&VI j^su ia-VI £-a i-Ula. J£ ^fl 4li ja.j 

Therapeutic protons 4#?>^*^ ^^Jj^ 3.21 

^jjj ^gJtSVI ju-uS 40.ll.lxJI AjAjlaill AjjJ^I (j-a U J>a. ■ " il lu JjJI (JSjIS 

oik dAjjia-a (jj^J dlVlaJI aJaa a ^ '(j^J '^^L>^ '"'^ J' ' " J (J^-^ 

A jUiUill SJ ill ^ aLaVI (J" 3 ^ J ^ ajAJI jl tjj Jl jl II j a) 

tSlli ^ Ajai >aj AlLakj .ajjI CjL£^ (Adeno hypophysis) 

^1 (j-a si oil IX j VIII a^jII jiij (J^ljCj c jjjiiJI (j-a jjaLall (jJ jjoiiVI 
ijUijj^JI dlLajjjl jl ' - ■ U -IcLobaS (jjjLlJ^jJI j t4jljj£-a Jj-a3 «-l^>a. (jLuuVI 

VJ .^Vl "fx* l> jjija.Ull (Batroxobin) jjjj^jjjLij (Ancrod) JjjSil 

La-a ((jLudVI ^AjcLiAll 2 J ■v', „Nfl jjjj) CLllaiLaljuba 4_ii^>x]| Clll Liij^jSI (jl 

(_ji]| f.lj^ll IjjS-a IgJLaxJjul ^i-aj ' "'^ V'JJ.^ ^JJ^ J..'^"*"' ~& 

A y i lUlj (JjI_4j-u (jxi AjailxJI ■ " ll lij jjJI Jjc- JJC- (JW^A 3 L) c ' 

.IS (_jill ^^uijjjall (Jj _alill J ala.V l^jiai. I j L (J^Ai (ij' J^^' j) ij^-^V^ f""^ 
(_pa^a (jjjjjjij Aj[j^a^\ (jLa i(_5^)a.l (jJal^alj ^^jJaj^aJI AjL^al J jil 

.(HIV) ..i...-6olt icUJ 

(_gic jj, ^.^U ojLaJI A^La£ <aJls«-a ojjjjJa aJaJ La-a tlia. ^J^aia La 

(j£-a<a Ajl (j^s ^C.^)11j " 111 'j"'JJ.'^ ^UAl^jl ^jli a!lll j .(Jl*i]l glLall jj^i <Ill3 
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JbotaJI Ajm ^l-laJLulj (^jjAaII ^^/Lxll (Jl 7 ail ^IjI (j-a Jjl AjjjaiLall AjjjolJI 
CllliijjjjUi .Aja. _aljjJl "CiLJI J ^_paj-a]l t_lLiuolj 4i^>a-a]l ^^Jc 1-lLaJc! lilljj t Ig-mjj 
t jJjoiIj]| i. *" l\ j\ .of~- (_LuU jjLalll j _4Aj]l J-aljfcj idlL^aj^JI (Jl!Lal ^j* 4ja^jill 

jl Clll LaJU jl (dlLajjjVl) Ajjja Cjl jlia£ (_Li*J t£^>^.l '"'1 '/'J J. tltt^ 
j^a ' "'1 V'JJ.'^ 0 ^ *^'"' tvilljJ (a i <a alt ^Luia-Vl) ^^C-IiaII jl g 7. \\ dll IjaAuia 

. jJ! t"il j\^t11 jl aja ■ oJ jl i Jl liiml ^U>l 

JjAaJl (_pa^)*jj ^!>l»JI ^ i_ljjuiLa (JJJJ^JJ 100 (j-a JJ^l - ' "J 'LJl-^ 
La ja.1 (JJJJJJ 500 (j-a tilliA (j! (jja t(Lj-i-a ojtia-a Ac J-aa-a 3.21 

' all aJ ^gjll j Lalaj j!i£Vl AjjjVl (j-a j Aillia a jj_alaj (JaJ^ya ^ 

tLLa]lc 4jj1j^1I i-<1 j. jaalmalt dAjLiXa "Lajljj ^^Ic. f.1 "20 Jj^aal" (j-aj-a 

ijjlj^uVlj t (Erythropoietin) (EPO) C&jxjJvM^ ^Uhjjj 
jaa-Jl JJjtJIj t( ( jLuj'yi j-aj (j^j*) (Somatotropin) jjj j jj jjLaj^ll j 
Granulocyte-Colony ^jn.^ll i_>^ CjLjSJI CjI 

j (a-interferon) lill-jjjjajijVl j tStimulating Factor (G-CSF) 

j, aaHubalJ Aj-a]l*Jl (Jjj^JI U^jj .<ltuu]l o.l}a.j a ^ 1 axil al.uia.Vl (j-a 

.Ajujjjj ajJJ _JJJ tj-aj]l ^ 0 jaIuia ' " '1 jja 11 Liajl ^Jc. 4-ajlall AjjI j^ll 

Choise of expression system ja*^ 1.3.21 

■ "'1 i±i a all jiiSl CllLyJollj ■ lll^iuia 11 j tajJAa 11 j tLljjS^jll 

3-alc o^)Iaj ^»Jaj Laj3 .(Jjy^aVl Ailla all ' "'1 JJ.'^ Cp- JJ.'*"'^ Lal^ijjjl 

A i^Jlj (Jja. (jf-il <^aj. ja^all A aJaJjfl ^jLuiaj till jj-a J a >i ada a 

.4ja.!>l*JI I - '1 Ijp (jc Ujaull 4-aiiluiAll 
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Mammalian cells £iLujii2l 

jj ■ all j"'' a afrll ^j'-"*J." > L'iLi. (_]j-a 1 L i a all tlAjJjLill L^Li. j£-aJ 



Baby JL^I JAL ^ L£>Lk J .Chinese hamster ovary (CHO) 
(SP/0 'NSO L£Lk JL«) a^LL jJI Jill L£Lk J .hamster kidney (BHK) 

(jfr JJJ«jll i><> (Aii^a-a Ajli> JS1 ajJI ^100 pg <j^) iS J^** j'j^-j 

Jaxuj Sjlfi ' - ^ '/'JJ.'^ '((jO"*^ J tS"^-^ J' aall ^ajl) AjjjiLa CjLijjjjj 

iillVLa-ll -k. a cs^J ' 4jli3_5 t^ja ■ all J£jllLl ^AijLa^ Ajjla-a jj-aial! 
ALaa.jjll Axj La tl£Lj.}«J j (GlyCOSylation) Jj SI j JaLujVI ClLLat Lj-llc- 

tills -ij^J £-a i"(jLuij'yi (_£^>aj La] La lc_&j A^jLuus Aij_)laj" t^^a-VI 

Jai. jJ_alaJ ■ ■ lUaJJ ^3 4(j£lj . (J£jailall (JJJ JJjll ^IiaLjoI ^-3 Jjjj (jl j£-aJ Ajjala 
j-a cllljj.1 O^C. ^^a^/lt (jJJj^>J (j 6, L5j^""^ ^W*^ LjvlaJI j-a jSLaia 

Ajlij a 'Viii'i .A*ijj<a fclii aJ AiK AiLiaVL ta-lC I^joiI ^jll j t ■ alll 

Jia Al.l»-all ^Luj jjjll ^tiiV (JioVI allajll Lpl La£ '2 . ^ AjjJaJI Ajj! jjll 

taauJa (_g jluin A_ia.!)Ltll Cjljjjj^lll j ( (Jj j jfLllilL AjaJJ^all CjlilJj^JI 

jij J^>JI I^A i^kLa^ < _ s jjoLuiI jiij^ll ~ -la i all (JjJjljII f-l^)^.] (jl£ l^j A i al 

.^-a^laJI ojjjIj 

Human cells <jtuJVI L£li 

£-a ' . IJjjiull ; gjiall jij Jjjll ^LJ* tS^LlaJ j a i aJ ^^jll (j}^)lall (^^] 

al SajS jLuuVI (j-a Aj_&la. Sajiaa aliijjail j-A r^VI (jLoiiVI (JJJ J^)J 

(sill DNA —II JuiL"j' jjaJI AjjK ^ V^jj •tsjja- 

iAjuiaj (jJ^JI (j-a V^J (j^?^^ j''" u ^ aj t_ic!>l!ill (jl£-aVL Ajli " SJ i a all Ajla. (J^.1^ 
. LuiLuil AdlaJI ^ O.S_&2kj-all ^juo>J^\ (jC JJjault (Jj*i3 (J^l (j-a lilljj 

(j^> AjjLsj till jj-a >— ll 3 ASJjia ioi& "(j^?-ll J^*^ W^J^ _aj£j" jAiu (jl (j^-aJ AjLjjll 

.Aj^ylxll till \T'JJ.'^ ^^jj (_J^I 
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Insect cells &\ >3iaJI 

jJajl) aJIc 4jLlL dil jjiaJl L£U. L_nj aj (_g iJI t(Baculovirus) u? y-^*& 
ia^uj Qj* jjJ J£J (jijjjJI (j^i 500 mg u^jj^ 0-° 

liA jli ttliLiiiill .lie. Ll>UJI si* <J <^,jjJI j*j La CiUJU-o ^Uaj ei^tSil 

















(Denileukin 
diftitox) 




(t- _pUill 
PA) 


Utf j- jfllut 

(Eptacog 
alpha) 




a2-lill (jjjja JUVI 


(Etanercept) 




(t-6HJ**) 

PA 






b2-U!i ^jj* J^) 


(Alfacept) 


/ 


(t-uJJJi«) 

PA 


FVIII) 


^jJj^ijVl AjLlujI 


1 






















-lill (jjjjfljUjj djj 
a2 




(t-uJJJJ-) 

PA 


US ^ jSU jj 








US— jUjjj 




lill - j^iL^iil 


-Lill (jjjj&jiu) iiLj 






(RNase) 


b2 












al — ujj jjjjjajjj] 


















US JiLuJlcl 


lilt— 

JjXij £_ft) 

(C Opjjj 




bl -llu ojj^j^! 
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jliij jjj - 1 Ull 



-LI) £x&#L*iJ& 

(2 



CSF-) f^i-l jila 
(G 



CSF) 



(GM-CSF) 



34-1 ) JjUjUuJ 
(PTH 



(GM-CSF) 



(TNF-a) 



US- 



(PDGF-BB) 



A2 



(IL-II) uAij^j! 



Ull 

(BMP-2) 
(hGH 



(IL-IRA) I jijSUi 



(^jtuJVt CjUujjjJ 4aluaV1 Jli^Vb 4j Jjsu» <J£«j i»jiiuL»ll CiLui jjJI ^1 ja^j " 

. Jjjjjjj 4lI«Ul Jj.nl 4*11 J^l ^ J-"V' 4xlua. ^ l CiUjAll J2l>4 £il j . 4 iVn a dilS jut 
Jla jiSaj Joauj Jljiil Jlj2 Jjjla £e Jfujj jjkk <jJ^! cS J±&J Jay* jAj ? b 

.jijjjUjjU 4$jlA« jiljeij U*ijM t»2 fJlj (y-^J 

^jjl jIa Jl$*«j ijli jJI jl <_il£UI M.niij RNA II ijUujjjS (j< £jj :4 jW»1l ^UujjaM ' J ' 
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Yeast S jj^iJ 

Saccharomyces cerevisiae, Pichia Jo*) lS jj^j s j* 4 ^ j) 

l^x. j j (Eukaryotic) csjill ^jj*^-" 1 ^LijI£ ^ (pastoris 

(_Ja.l.l 4j_jjoiLa]l CllljjJj^>j]l jj£l La Sjlc aa i <a (_g jHuLa t _g^C' u^J^) 

^glfc tltaJI <ja (Leader) .Itijx aIjjIui AiLial LjaJ (j^-aj 4il jjc. Sej-laaJ 

Aslia-a) ajjUtlall ■ 111 JJp JJ. 1 ^ jl j^ cs^J ( U " "*" ^ _^^) (J^P JjJI 

jli tJJjllI (^3 f»'j*^l t5^j lK'^ f^J" j' u^- 4 -^' L> (J*-aVI 

jillll i J jijUj,. 100 10 (jJJ La L&jjSljj jj£j La ajlt sjjiall ' " ^ '""'J J.'^ 

i q (JSjj'u a^xaa SI Ljjc jjjxjII (.Sja. ^^jJI jLuiiYI CjLujj^jj (_$_aiaj .JaS3 
(JSjJu ■ aljaJ (Jj ■ ajSjlj SI J Sal JJ _jV I 4jLac. j£Sj tCli^)j£]l JJ>^ LjjI jlaJ 

^^a^lc jii j^>j JjjjjJI ,_3 -lajj 'Llla. j . jLuijYI .lie 1 3"^/' a ^jjAJ jc. JJj£ 

aj^Laa SI ; ^jj (^ill ( jpJ J^VO 

Bacteria 

t£JjjoJI Jjjadlt - 1 «3l3 4 ; i ill i nl dll Jj'^ill ' Lj ■ <a alt d ajajl aJaj 

dll \f'JJ.'^ a£ljJJ (jl (j^-aJ LjfuU (j-a!ill j'-^''- *' aJI ^liiiVI J tAjlLaJI AjlLxill j 

jjLa^all ^j^LJI iaja all Laj jjSJ (jl jl tU^LiJI Ja.b AaaiaSI AjjjiLall 

(jSlj .{Bacillus LjjjIi j^iSI Ja^j ^ J (£". Co// Lji&j) 

(JiLa tS^ajt-all _aill dlLjSjia dll (_s-Sc- J' ( _ s jSI 4-aa.jjll .lau La ■ " lla Si » a 

4-iliJI (JaJj J. aaJ V tdlJjj£!l 4jjLu 4-Iajlj <_J£JoJj JjjjfLlliJb JaLujV ClllAaC 
jjliajll (_5_>^J ^gjll ClLuij^U AjiLaVI AjLj-ill ' kilkj jl jj^-aJ .AjjjjSjII 
a i oJ jl (j^-aJ Ljjj '"'J^ (j-a LjJ (gJUjlaH (J£joJI (jc 4jjjj£JI AjliJI (J^lj 1 » '«*- 
Ja ■ alt AAnaVI AjLjjll ^^Ic. Jj. S| (J^.1 j^a liili] .jyjjjljj^a (J^jjS <SLaJ 
AjLjjll AJUaJjuilj 4ja.La.lil Ajjj (_J£jui i _ s Jc. L_ljjoiLa]l jjjjjjll j)C. jl j^-aJ 

qa JjJaJI ^ . 1—bailla jliij^jj ajjjl *^ lalml J Igjj^aa lillj Jsu (_^^)aj ^^i]! AjiLa^l 
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4jUr. Jjgjaiil <Kl«luil (j^-aJ '"''J*".' ^^La-IiV I Jjiil li& <luilui jLi^l tdiVLaJI 
Ajxu ajlc - I^Ijij — (jjAjjjou^JI CliVLaj (Jjoiluij jjxi (JjJ'i JjSju i^LiM AjaHll 

jjJiiall orjjJI tsij - Poly (His) tails jj^La^t cjtjj^& Jjjj _j <-aj*jj 

.Ajjijj] AjjA*-a Lai jc- jjLoj^)£ jl_&AJ iaJJJJ (jl -1*-J (j^-aJ ' " Ua > 

<J DNA SI ^1 tllljLLa Alui AiLjal J!>U. j^/'-j^l ClVLaJ AiLia) aJJ 

igA \ g > aSJ Ajla St (jj^J lillijj iAjoiaj (jijj^ll jSjol) t£^l (j^?-SI tj-'-'^'-'^ 

. (J.1xa1I (jijj^JI A C.\ ' i a JSJ (j^s 

(J^lj ' " '1 ' j*' JJill (jft ^jluixJI pistil JJ^iSI -iJC- tiillj ^gi] 4iLjaVL 
aSljjJ i^jMJI kra all jl AjjliJI SjLwaaJI ,J jl£ pi jjj 44jjjj£jJI L£LaJI 
<l^xa jjc-j tAlLli. a " <Sj£!Lo iliLaiuia, (J£joi ^^Sc ■ - il lu j^iJI ^jAxJI 

l^iliill ^tj^ » t_ti.jii La-a ^inclusion bodies hia^JI fL^fyl l$jle tjliaj) 
.(2.3.21 S jSill Lj jJiil) ^TjiVifl LjKS Jj.^1 jJ i> j-Ujll ^ 

jli (eJj^ AiKj 1 unl \a UUaC (j-aj)J ' J ' al SilSI aAc\ A jS^f- aj a ■ aJ j£Lal ljj 
(£ Co// AjfL^VI 4jj jl jail LjjjjIjSI <uaL^j) ^jjSSjll ■ Luiaall aUaj 
La CjU SI t « ^1 j^llaj V ^jJI 4_^l*]l CjLijj jjj lilSj £^a?- '"^ W"^- 0 

. j_aJI a 1 117. SI (J 4j jJiJI 4_JL«ill l^Llal (_M ^-a^J^S 

Transgenic animals and plants Lul jj aS^loI) cASLuDj &U jjaJI 

(^AxiiJ La _4& j) ClLul£SI jx La ^jj <j-a (jjli. 

l_J£ j»_aSJ ' " ua ; t(jlj;l^ jl dllii Laj ' ^J^l A^u ala SI L^iLiJI ^-3 yiJjSliJI (JazJLj 

^jAaJI (jjjj^)jll <&Lu^J ( JJ^ aSS) l]-^*-^' dlLiill jl (jl jJiJI (j-a A^jUSI AjjiSI 
^tijl cS^' U-a JjJI lilSiSj ta^llj ' ■ ula II £Jj31 jSS .<j^?JI £>A& a] jLij ^jJI 
iAij^jlall o^J A alia all 1 " 'I IjJ j^)^!! (j-a JJc ^Sjjj aJ ■ J 'j^ j tajja aSt Cjljjjj^)JI 

Antithrombin-III III-JakiSI A.^ jijjjj JS* tCjLujjjJI o^a (_pa*j 
jlauJakj i.nS^SI jj^iiaSI a 1 -antitrypsin 1USI- jj^ujiSI ^Lja-a ujjjjjj 



823 



Lal^)C. 35 (J-^-*J ^^"j J-^*- 0 cJjf 1 ""' ^ ^Sj .Ajjjjjoi dlLuil jjj L_!jLaal LJL^ 
^^aj ^3 ajja cjl AjjlaJI CjLljJaJI (jl Jl JJjol) La<a < ■ ■ ula SI ^ya jjj J£] (jijj^JI 
Ls lc (<Jj^a. 4jJ-il) ^ >« ^ ' AJa.UJI t> tajjia 

f.^Jj (_LvaJI Sjj3 (jV lilSi j (_Jj_^ia AjLaxJI oi& ^ jjjiajl! (j-aj '(j^S .£jjIj (jUaj 
(j-a JJ^C «.laj ^gjj AiLiaj (j!>Lal& LaA (jljJaJI (_J.lS ^ i ala SI g i <alSI 

(j^> jiC-^jSljj .4slii_a CjLiI jja. (j-a (jij jjJI ^^jj ^ jSof. -1 a i ajl j AalaiaJI Cjb J ait 
Cllljj-a ^a^L 2 j ^ , ^SVI AjjjiJI 4_jlaiB lypya-v Ll.laJ jJjaJiSI 4j\ij Jlaj t j 

" f I i ^ j2 jj La£ (<xjuiLuo ■sliiifl ( _ ? iC' CjljLull 4_L«jj A qK ^ualikjl 
4;jj_)iaSlj tjaillj i il i SI i"i1j\flr. -l^lajJ AiLjaJ 4(jjjj^>j]l 

4-a£ljlaSI ClLvaSJI ^ Jlalii alkiSI li^S 2_JUJ| ^ jLauJI Lai .A^JLa-all j 

4-aa.jjll AxjLa jSof. J _ja. 4j3l£ CllLa _alj<-a jSjJ a^frj i4_jjjiLa]| ClAjjJj^llI (j^i 

1 gji 7- Si x a Ajlalj Ai^jat^JI Ajjj^^o iiJJi£j tdliill CjUjjj^iSI ( _ s 1c iSj^i ^pSI 

.iuoui 

<Lua^I fLua&l <> flJil ^Ujjjj^I tiUSfl 2.3.21 
Protein folding from inclusion bodies 

2 i ajj sjlcj 4-a^-aJ ^La. jSI ClAilJ JjJI I— slliSI 4-ll<aC. (jjUlj La LlJlft 

A S£ ujj Ajjj^JI jjjjj^SI Ajllxi ^Li.jiujl ^1 — jjjluiSI AjIaC. (_Jj3 1 glSI a ^1 AJjlu^ 
AaLoC i_£j^Jt .<Slxa JJC. j ^ia-La JJC. 4jjA ^ _ja. j (j-a p.ljljl ^-aUjlall 

<_J£jiSI ^gi £tjJa j>s _&A La£ 4(Ja.l^a aJc ^gJc. <LtZi taSV IfJxJjJaJ djlluj^jlll SjLtluil 
V^J 3i jji£a l^ia cLal] 5j«jl£SI plja-VI jjjSj AiiUI jjc ClLujjjjll .3.21 
AiuAuJI (j-a 3^^! .JJ^-aJI (jJJj^SI ci^-l-^ ^-jj3J-a Ljj j£ ^j-o 

(j^> f.Ua*JI (j^aliijl ^gJI (^^Jj JJC. (Jj£j Ajl-aC. ^^Ic. CjIajIuSI 'i.lpc 
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jL£u L» Ule ,^l>*afl ? LuaV! (> L$ilui ^LLujjjil eiaU :21.3 Ji*3JI 

jjfr 4 jinifr ^Lui^lS 4j jjjSjJI AjIiJI ^ ia jia Jluu L^jfr jjxaII AjjJiLafl Cjtiu jjjJI 
>( _j Jjiall <UxuiIjj ^Lui^VI i<Ul»JI J^LaJI Jju .(1) <UlaH ajj^aj AilLsj 

jjAUll tjpj AjIu ^1 Jjli li&j) AjliaJI AjjlaJI iLUjIaII AJIJV LsJ-^ l$luifr j»j 

q2x»^ .^jjjjjjjlje mol 6 _ 5 ji tji Ijjjj m ol 8 _ 6 ^^jjjII jt*^) 

uLjI (CiVl^l l>^4 l*^ -(iJ^ Lr^JJ-^ j^J cS-^ (GSH/GSSG) SauiSjaJIj 
£yt Qij* JjIuj JiLi (j^> ilia i'Ujji^JI LlujAll 4gjaa ^jnStU Jjllil JjJauil qa a ll gj i ul 
AjAjC. .(R) ^j^umJI 'A'.'" 4jjjUJI AluiU Ajfclaj! sjUji >il!jj t^jjjj ^jjiJlj tlujASI cP* - " 
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tris (hydroxymehyl)amino methane j\ .guanine jJI jxl\£ cjlaLa) SjLj 
aj) .jjju> J^ij i-iliiWl fUa& u—aJ ^jjj alkylurea LjjjLS&I Cjliluuji 

F. A. O. Marston' "The Purification of Eukaryotic Polypeptides 
Synthesized in Escherichia coli," Biochemistry Journal, vol. 240 (1986), 
pp. 1-12. © The Biochemical Society. 

qa te*Hl3 . jj£jol! ^gic .laJJU j^i CjUjjaJI LS"^"^ (Jc-Lij J* (JjSjJI jV 
C_tL>jJ ale- j jfL (jl I ■ laj till j jli I Cjljii j jJI <*JjJa ^^Ac. JaliaJI J^l 

^jlfr CjliijjjJI AjjL aSflVI Aj^Lul (j* I—Lull jjj V La lift j tAjlle- ' ijLkj 

jij jjJI jjSI jj ^gic f.laj'VI £-a » JJjS (Jelij aLa^l ' . '^"'J lillj jV £-"il j (jUaj 

t 

t^tilLj) ■ a (_J^iij aSlall) ^jU^ll jjjj^jll j| diijl ja] 'j^j ^ 1 ' " 

jjc. Jl jV <jp JJ^' <j-° J^>VI ^joiall ■ alaoll ^ jjjj V (^Lall ' * 

^gJJ UaJjJj jjjjjjll ^gi^l o j\_J_j j£-aJ tillllj . Js«J I aljjIYI J «oS a 

' j <aia ' a jj^JJ .lie jijj jJI L_sli!ill Ijj La Ijj Lpl ■ a2Sj AjjC-j-a CjLj1i.il<i 

i 

^JaaLa jl (Jj^al jxa (JSjjb AiuLall JJC. jJJjjJI laA (j-a j^VI aLuiSVI ■ " '°J i a) 
.jji^all 1 < IS uj i"A-^,l jjj 4_iI.1i]! j-a 4jLja all 4_La£_il j jSj jl _uu J__i_ ^CJ jail (J_i_ 



h^'i mIj 1 jjj t^Uailsdl LjliujjJl JLulLujI 3.3.21 
Application, delivery and targeting of therapeutic proteins 

jLuol AajjL (_^Lj j^-aJ V t4_i^jj-a_jl 1 « . ajl i ■ ■ ifmjj talc. J^jJaJ 
LjJ-l.l<u,i.alj I » II . ..I ( 1 /nil i : 'm (_3iaJJ <— lliuiV "AjlliLa" 4ja.!}le (_Lsl jC CjLijjjjJI 

.j^l£]l 
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Stability 

La Vir- jl ji-N AjaiLuia. idllilj (AjJinj dil.li.ifc ^.Js CliljijjjJI 

L^Kijj jl 1 1 aj ol (j^J -pH ( - Jj? J j M (j" 0 ^ * J " O" 3 ^)*-" 

«■ aJ j-afc Jl AiLjaVLl ilgi j la a AjaiL^a ajj2 J] (_£^Jl La t^JjiS mj LjJ^ 
' .'.'"'.'J s-b-^VIj oit-all J ^^iijj^jll (Jlajll ' ■ Uj-hJ iljla 4 jLuiiVI - ■ (JaJj JJ L ^ a 
^-lii jjaJI (JjI^jIL aOJaaJ I g » jl; jll j ^jJI jpa A . ,-il i "'^ jSluLaj I * '<* (j olajll AjLafc 
J SioiSVl Jla) Jj-^J IjJaJ (jl j£-aJ Ajli tlfrllaJ Jaa. Jl AiLjaYLlj .JjSlI J 
.Ljajl IgjjjaJ «.L)jl AjfilaJI AjiLaVI Ig-jJaLaaJ (Jj-uiLui Jfc f Aj \f'.'J.'J ^-^J (JSjuS 
A Ui\\ \«\\ • " ll si i '-- all (jjjja j)C Aliijj^jll jjilaxll AjaiL^a sjjS jjxuaj (jS^all (j* 
(JaJ-i (_5jJaJI L& yac- • aj AjUal CjV jLa-a jl VI iAail-aYI (_paLaa.YI jl jSjoiII (Jla 
(jfc (JiLLajSJI (Jj-lxjlL) illLala jl£ L^aAl j tljjAa-a Lvlaj jVI Ja. CjsV - 1 aa it 
' " ^ (J 3 ^ ^ LfcJJ J Jala, jl J.1JJ . (J jfL^ilc. jjLiilV I J AxiaJ ji5 j _JI JaJ J Jjj Ja 

Jitla ya\ _»J jjSj La Lille- Jll i^jjaJI (JlaJill aLIS AjjjxjI _jj AajSJ 
j-a jj .^LaJA^U sjila JLa-aJI I^A J 8.11.1a. AjjtLa ^.^J illY jfLl>Li]l 1}»2« __)<a]_$J 
La^s ' I alajll Jjjja (jfc s^a-all J ( _ s jiij jj]I Jlaall jc ^Lill tiKaj]| j ^la (jS-a-all 
. a i H jlfrail J jLlJ j^)j]l dlLaJ jjl j AjJa j"^ SI AiJa 4-a jLLa jjj j^)jll L-L n$J 

Ways of application JLuLL-VI Jjla 

V io^cla^j iiillil .f.Lal] L-la^a Alalia]! CllLlJJj^iB ( _^ll^iJ' jl] 
(j* A , „iNfl (jl A ; ia.j]j ; nll Aj.ijiT.VI (J^a, jpi J_ji»JI CjLujj^jll (j^-aj 

jaljjll jjj^J <— S_ijj tiilliJ .^Jl (5ji-a JW^a. (j-a Lj^vLiJI jl <_£ jj«-a]l jl^aJI J!)La. 
jA (jij jjjil i— aAA (jl£ I jj V] tajqiaJI J L_al£ jjc. Ajiajj^JI Ajjj!>U (_j jJ^JI 
CllLlLk^aVI ^^"^ - ^ a t _Hl1 i!)l!La 4 CjLa j jj jjill AJLa. J La£) Ajoiii ^aill (-jjjaj 
Jill lj$uJ$\ j jLuill CjLajjjl !>lla) (-ai jW^' J '(f^l LS^ ^Jj/^.^l 

(jjja (jc. AjjjJj^JI Ajj^VI oUatj (j^-aJ V clj^A j .^«.liiJI ^jJaA Jfc ^fcLuij 
tilLlAj .^^11 (_5^a-a JJ JJJjll (jjjja (jfc jl (jiaj jl ■ ■ La-j j)^l j t/»i]| 
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. ( JjillAjl (jl ulIlulVI A U,„ljl ^|) Jj^ll jLuLttll 

Immunogenicity of foreign proteins 

Igil (_£l) ^^cllajl (Jaill J j (jLudVI a>i)-> ^gic AjjjiJI CjLujj^Jjl jjjj 
2 jl alml j a jl i <a all ^LuiaVI (JSjJSj jiaj iajj 1 ! (jial La-lix 4 , . (AjxIoIlux 

^gic AJ»JJia (jja a^J^ all '"'^ '/'JJ.'^ L5 jl^J (j' (j^* 4 ^ .Ajc.lla]l Lj^LiJI 

^jjjj^jjl (jjiijj jj-lall jl jj£lajl -I jaJjjiVI £laJ J3 La-a I Ajrjjttluixl ClAlljla 

. (^UK '"'1 \f'JJ.'^ - ^ a "••<* Lajjc i_JjC.^a ^al ^LvnlmVI (jl (JJa. 

dl3 j]l (jjiij j) ■ - i jjj j^)JjI ^- lloli.ul (_pajaill Ajulall (jjjl^lajl LS-^J 
tpLall A K 'm CjljjajjJJ LuLuu£ 1 g lajj jA ( - 1 aa SI U> j-oC ' aj 

"ill i ' \\ jjS j^jjJI o jA J!La .PEG (Jj-jJjC. tjAjLuj] jj*JjaJ Aj^ali. e jj i ajj 

a > 

^vVinn t JliaJI Jjiu ^^Lti SAja^lc cjL£j-a£ ^,iVi..n "Peglated proteins" 

jj*JjaJ iajJJjajl ^jluil^jiLall j (jjJJSjljj — liJVIj jLu-al c5 J U»j->«^ fij^ C>° 

PEG-adinosine deaminase (PEG-ADA), PEG- Jjl^ jJAjV' 
jjjjipVl o-aai jrXJ interferon-a pegfilgrastine (peglated G-CSF) 

.jJljjII ^Ic f,\ ■ aUjll CjLjjijjl Ada j tAjjjjjjjajl CAjL-aVlj 4 jLujal <_£J 

4^bdl CjLLjjjJI ^fc ~a£J 4.3.21 
Examples of therapeutic proteins 

(Jjjilui (j^s i_Sj\jj ^^jll AjjuiL«JI Ajailxjl ' " ^ V'JJ.'^ (j-a "(JjVI J^JI" (jj 

(jx AjlL a a Ajjjjjj Ajj.ll tAjxjjJall AjjjjUjI CjLjjjjjjj AajUax A_ilLal (_paLaa.l 

SjLiUl DNA —II Cj^LmLu JjJ*J (jVI jLawall (>a .CjliiaJI AjtsjJ AjLlJjjjYI J^U. 

(Site directed mutagenesis) t^Sjxll ^ jxll jjiiajll aL^I jj CjUjj jjjII 

tt_J jc.jx jA LaS> tAjjuiLflll I " ll IjJ jjjll (AjIjVI) Ajj.iiL.uV I Ajjjjl ajjaj qj (jS-aJ I " Ua 
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1—lLyjjUA Aijjjall £>J£J fljilaxll ' " ^ '""'J J.'^ e?**"^ / 'J\j^J,' ^ ^ ■ " ' 'J'.' <— Sj*^ _?*J 
tl .g XjJ a Jjilaj) 'i-Ha-a AjIiaI j^Laa.1 ClVLaJ CjIjjAj^I ji aaJG j .(Muteifis) 
-laJJ (_£jaj jl j^-»J dL^LuiiuU (Jlijl jl I aAa 1 i aj (JaulS jl j£^u I g 

. f 'tjjjjjjju ( D/a Lo-Lf/ ^jojIj I— SJXJ ( _ s j1I) j..'^"'*' " LkH^ ^..''J^ (j-aLaaJ dlYLaJ 
(JlLa ' A-)l3ala AijjiaJ jJ4 JJill (J "'^ ■ £_JjA«j AjjJaal AjaJjl jluil 4jjtLa Cjljlaill aiia 
t_ijUi jll jl sAj! jVI j (JjSIoloJI iaLijjl ^ AjC. jjll jl t^iDlajVI jl tAjjLiill 

^| cjUjjjjJI Cji^aj j51 .(Pharmacokinetics) ajjI jjII cLSjaJI J Sjj>J 

I " ll ijJ J J-^\ j* "^Uill Jj^JI" Ig-ilj ^ r-i i all aj a ■ adl! lj£l LaSj 1 ^ jlr- (J j' -»■»■ SI 

^ Sajk jll j jjj 4i£Ull (jc. 6js jlall AjIUJ Jl jj V 

^jjjjjjll J, nil "\\\ CjljjjLill JJjljJ ^ U"^ pj ' A ' ""'^ " J^" '"'^ ''jT'JJ.'^ 

^ tiiili jx ft jll ^jlc. 2 Laj i ajll CllVlaJI J^axJ ,J V] 5ia jalall i ajl i aa (J 
J-al j*£ I g "I lalimt jxs ^LaaJ 4jjiiLo ClAjjJjjJ - j a i oJ dlVl^ll j-a jJAxll 

ClAjjJjjJ t _ s lc jlaj LilLi. <2jjoia1I 4j_4iaJI Ajj^VI ' ■' aj ^Ij^. lilLi^i 

•AjjjVI si* <J JUill j^iUll jjSUll JjJ 4-l*Jj 3-ui.J4g a 
qa "/ejull JjaJI"j "JjVI (JjaJI" j^lt AllaVI (J^axJ ^gl: LajS j^ajajj 

AjjjJjjill AjjJ^/| 

Insulin jJj^JVI 

1 jill (jxi (_£jiuill f.lj ^^Latl - l^laLj ^^juiUj^jj jj-ajA jA jJ jjouVI 

.a^ll jj^jlill dlLjjluba (jiajiij ,j 0 JH^ 1 ; Ifuij lilljj 1922 alxll ^la 

JajljJJ j'-— « jll i Oi ' 1 j*-a JaJJ JJ lUjjjll dlljJJC j nl . ill . n j-a jjl JjuljVI ' 

tiffi aJ La£ (^^iLal j^"^ AlLaJ jjjjoi&j (^J^.j A <Luluill iillj aJ .AjjUj 4jjjjj£ 

4jiil*<a jjljjoijiU (_£j;iaJI ^jli aall j a i <aJj • c _ s j ; J-al j'-^"^ <SLaJ jJJ^J B <luiiuill 

AjjL t<luiluill jJ^J ' all ■ all #.(CjaJI ^gJfc (^laJ (S^ll ^^ilJjJjll Jjlajllj 

jA LaS ( jiiLailuill jJJ iajljll (C-) ^"'.'J.'^ J^^>^ i^j L5 J J^ ^° 'tlylj^V' 

.4.21 Jlill 
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^^kia^a]! al 2 ail JA*JI I ■ lfmJ t j . jLjj^JI Cl)LajJ)jLj fl^jia a ^J"/' ■ -**' 

AjJj^o JIS lilliA (1000 l5 t> 1 J' U^J^V UJ^-^J UP^ 
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1 I ~ /^O 20 

1 I io 1 A 

20 li* 1 ** 5 ! 

>V <^fr ^ 0 G ~ c °°" (aspart) <ajj»j 

1 f io /20 30 



^fl AjiwVt (jiaLa^VI tl^l 1 uli in AjjlLa .jjVI ALjL j Aajjjj Jjji^uul CAOuLt :5.21 JitiJI 

(Genentech s ^sima ^a^v^tt a£j^]| la£ 3-UuLjVI 

4jj jl jail Ljjjl&jII Ja.ta J' aila JS-uU B j A (jJoLoiLoJI (je Jvu tine.) 

aJ^jl jl (jlijOJJjIill jlTiij,,, aJ^jl m ? " > ' < " '"'^ '/'JJ.^ ^^LH-^V' 

La-a . jlilui jJ^VUJl 

^j^jull La ^ jJ a au j (jjaLaiLaiJI Jajj ijj^ '(Cyanogen bromide) j^jjluJ 

^ JJJstill j»l}3 aL^J CllULaC. (_a Lai ^LlajSJI AuiSllill ajl&J AiajuljJ 

<jc- {Saccharomyces cerevisiae) S jj^JI J aAjj^I ajj jijsll Ljji&Jt 

I gjl g jl uia jl 4 QAyji^i I Aj^Lj (_gl ' (^,°..'^' J^) JaiuijJI 
(jc lilli .lau Jajl^ll \f';j;^ (Jl jj 1 * ija j 44_lajl j a jj 1 Aj Iluj ili^Lmluii a 1 aJ ^^ill 
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cs-JaJ j& Aj (^jSjjiII (_pajjx (j^ 1 -^4 <e^ tlfc^J^V j^J^ (jj 

(j^aliijl (jj ijlalljj .alaJall <Ua.j (j-a ^AJ^ 15 (JjS AjsaJI e-UaC-j t_taj (iSljS 
lilLiA liSSil iLliliaj L_l jllaa jA L<ui JJ^I *-t_s-^ ^ ' u J jA ^a-lll ,j (jjl jjoijVl (_g jjji.ua 

.Lpljj JUill ^jUVI J JL31I J^JI J] ^IaJI JiSlI ciKail r _pW ctfjS 

<ULiill (jjljjjiiVI ' - II Jj " (j- 4 ■^-^ c ' *^ LSJ^ - "'^ J ^JJ*^' 

(jjj [j-aj (Jj^ all J ^JJ-"I K<o" lg-ja <Lluil.luJI (JISjjYI (jj 1 " Ua LjJJa. 

(Insulin ctdj^J jj^j^ : (5.21 JS^iJI) s^a jjjuJI (jJj^VI CjI^jLLg 

-j^ull JxLt jA j Lutnia i?.l jiall (jjlj^VLi JAall e^jsJI ^la-i cS^SI dispfo) 

Jj^jj JiU. t (Insulin-like growth factor-I (IGF-I)) jJ 1 
Insulin O^j^J j *B29j B28 A^jj-aVI (j^U^VI t_uj_p 

tSllil .(jJjjJI V-i? B28 ^JjjaI! <-i (jja-jli^VI Jc. c$iSI <.aspart 

(jV 4^- jxal (JSjjjj LjjIj-^ diLijluiA (jJ jjoiiVI 1 - jj " Cy lT^ ^ j^^* j 

'ijjjila I g iSa ja^n<ill (ja I^Aj t^liSI LaAjLajl (j* (JSSj IgjLaj iaJ jSI Cllljjijll 

(Insulin j-^- u^j^yi Jij^ 1 A '■lSj^ o- 0 • fLJall Jjs 
A21 J jja.jLiuiVI ajs Jjjiuil (jjlj^V! jiij^a jAj) glargine) 

aIluIuiI] AjIiuiS jj Ajlg-ill Jj jjijiaLjaj (jjjja. jl aJ Ajlj ' °j i '--I La£ 4 (jjxuJ^iLiJlj 

^Sj Jc (J jla a A-liA J j. iaaluix IjpVI (J^J^ 3 Ltf^J^"^^ AjLuiaS (B 

i J^*^' ■ ; t—ij-ujjj ^laJ! diaj (jaaj LaAicj t4 pH 4 _ 5 iia.jjJ : iA 

(j^i CLulj (Jjx-a Jj ^-ijJ .(JiLajVI f-(_s^ Ifuiji* tj^i yjjfl jj SI 

.4£.Lu 24 

Interferons ^Ujjja jjjVI 

(_j«a t_a]ljj i4iLij£] ■ " »l ll£ J'J' 11 SI (j-a ' all a J jl ^ JJ^J^V' 

Jyj-aJ (j^<aJ . jjLaHllj j-aj]l ajjajuj (4jC-lla]| 4 q ihjll ajJajSj tdlLuijJja]! ' iC-L ail 
.Laic. j tlljJj tlill UJJJSj^V' CS* (jLoiiV! -lie- (jjJ^J^V' <-^° t — L^J^ 
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Interferon - a 



IFN- j IFN-a2a ujj^J^ 1 ajjUsII J^Vl .(IFN-a) 

165 Ua^j t a2b 
(> ^.u^ j t(IFN alfacon-1) consensus interferon 

(jC. AjjjxVl (JjoiLjoJ JaLliluil aJ (^^jj-al "ULoJ 166) UJJ^J^^ 

t>> (Sllb-types) CjUajlaj aA*J l _yaLa^\ CjXuiLu 4jjlL> (JjJjIa 

4ialj<a]| ^^uijjlS <Loj£jLjj ((l-L/laJI o^xjauJI Liai£j] il!La) (jUajjoill <j^s 

L£ .(AIDS-associated Kaposi sarcoma) ac\±J\ a^JXiA 

.(PEG-INF) J jIlIc. jJAsI J jAj ajjjLo (jjj^jj J^ 1 ' '"'^ ^ 

Interferon - p Ijjj j^V' 

IjjjS 1$jL£5 ^^jj ja j ^Fibroblast ajsjUI cjL> jjVI <JjS sjIc jjaj 

<ULu 166 (j-o L J ^ajl <— al^lj J^S tlill — (jjJJSj^jVI jj-o Ajjxajfl (j^Laa-VI (Jj-uiui ^ 

gii .(Relapsing-remitting (Ms)) ^IjLcJI u^Ull <^j^' l-iLojII 

Ja jJai ,J LllLa. Aj^IjII (IFN"P) tiu-^jjjjijAjYI ClU^la jjj (j* jUal 

ajJJ^JI £y> 4j_jxuLa LiLi. Jlllliil! gjilj j"' — Ifrll iaj J a {ja A\i^±. 
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Interferon - y Ulc-^jjjfl jSjVI 

UvLi. (Jj3 (j -0 ^cjjj J&J 4"A£.li-all (jjJJSj^jj" aJJ J^Aj ^° 

Llj_jlaJ I g jl uS Laic. ~~ UJJ^J""^ L5-^! ^ ' I ft AjjIjJI (jLuiiVI 

aJI^ 143 ^ 

Jjaij jiiJ (liH — (jjJJ^JjjVI (^^1 Uj-i-o cJsl dlLuojjjil] S i\ i axJI AjIL^ 

■ . ii gjIVi j 4jc.L1a1I 4 J ^LuiVl j AiSl«jt dili LpLaJi <jx 1*ju>Ij lc_jjj jjLajj j^j 

<SLoj 140 (j-o liljH 5 ) Lolc. — UJJ^J^V O' 0 S- 1 >"Lo J^Jj jLojcI i$J^ -Sal 

18 f 

(Chronic Granulomatous c?j^I fJJ^ (<#^*' 

^£>JI (J^jS/I <>aaij jj^jj SjjU Aijljj y> j 'Disease (CGD)) 

Erythropoietin J j^VI oJ*-« 

^jjjjj ^ (Epoetin-a & (3, EPO tlill-j 1% -ji^l) J ^^V! 

^gi j (jjjaJI 4la.j^ ^gi .Aj£]! (J^4 'CT^ 0 ' U ^ 1 ^^ aJLsj 165 (jj^JJ L5J^-" 

dlUjailo j^j ^_L«il jC. " EPO (jj-a^jA ^ .(jjilljll .lie 

L>laJI t> _>*aJ CjLjSII J^j jAj (Haematopoietic growth factors) 
2% .^*j| ^Lull ^ (CFU-E j BFU-E Upws Jc jJk^) *iIUI 

(ulA^j ^HSII lL^I! LjJ jlal - ajjUjII ^LuVI aA^ CHO ^n.^l 

(j<« j Almlm ^^Ic EPO iSj^i * Uj jj^..'^ SI j JaLu^V I SjjjjJal lillij 



lhjIj-VI t> <o jii. 4c ^ j chronic granulomatus disease (CGD) ^^jjj^JI fjjS »b 18 

jjSj Ija j .sjvki *u'Aj*\ J«l jo Jj3 ^ ^.Sh.J (superoxide \).n^VI jjja jji? W^aI j) 

.ale JS JaVI (jlc SjJi?. 4JU. 20 (j^ti-ii j t» i~>"i«ll diLiV jll 
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■4_laJJj^]l Cjl jJjA jjj^ll qa (Jjjl)Lui CxXi ( _ ? icj ' Ljj? 1 .' ^JaJJj^all CLlljilA JJJ^ll 

(jLa I ** ll J iLlml ^ Liajlj t^jKll a^lt jSS tllYla. ^ ,_uiLuil (J^-"»J ^J^^- £ - 

<xj2 dlL aj ^^^/Ic. l_1jjjL« (jJJj^J (Jjl (j^J^)^' (j^ i JjjiI! ^Jl Jfl2 

(Darbepoetin jjjjjjjjjIj ^ai) ^j^?. EPA jSI 

£yt 4_ajlillj t (jj^ j jliillj AlaAljA^\ jixull d^Llla (JjuiLui jm^ 
. jl^a^VI (^■'■"Li.uV) cJ^JS SI ^^Ic Ajil-ol (_paLa^.l ^ lllVI likJ 

ojij_&J ^mjiJ La<a (Ja^o ^ j-aC ' L aj ^ (JJ.l*j]l li& -^j^J 

. (JSI die ^>i. 

n\\ q!oju1\ L^lill £i\jjulutA J^' nil JSt all J-aUJI 

Granulocyte 19 colony stimulating factor 

(G-CSF) 3 ua all j"-j;ll Lp^H Cjlj^iLaui J£jjll jia all JaUJI 

1_L/liJI jjLaJj jjI£j ^g&J I^^ll 4jj£-all (_>aljC (j-o ' kli a IjJaJ 

^LubjJI ^ J L£Lk cr Lkil (Neutrophil 20 precursor cells) Aj!LA\ Sl>ll 

qa (jUajjoill ^UajSlI jrXiil (jil^a ^l^aj j-^") Jf3 lillil .AauJalill 

J" EE 

*1 > aj ill >a1I 1£>U> ftjka^ Cf- (Neutropenia) CjV,^«JI <la ^Me. Jj 

^Uill '-';< ^Me. <J - v^~...j La£ .LlJUAI ^luJI "'Ij^l* J*U1I jiiLL 

eta ,^5 j i^^JixJI ^Ujll ^ jj CjLjLc o*j cj^j ^ill (Myelosuppression) 
(Aplastic ^.."illl aoll jaij t^UJI j'-^ ■ ^jlj t^j-aJI CjVj*1I <1| 
U,^ „ll ^| ^ oil Aiudoll Ailluill L£laJ Jaj JaJ 1 ■ ajlj t anaemia) 

Cii.jia J3j •t^J-°l ^J u "^ <1LoJ 174 ~ i <aj (jJJj^ _jA (_Jxil*ll li& (jj 



.UjiLjjluJI ^ CjLufa. (^Jc. tijlsj sL-^h f»J :Granulocytes 19 
.(sjjU-o) 4JjUi« oU u^i ^k. nl jj Jaaa Igjjjft ' p^il L^U- : Neutrophil 20 
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L£>Li. (j-a ~V'"11 iaJJj<a3l $.__£ j^JI <__-3c. Laj __£ jiaG dll ^JJx (jjjuJI 

jl (Lenograstim 1 ^iiJ j&jjJ) 4jjuIs1I CHO ^'^31 jiu^lgJI 

tlgGlj Aj^.^L& 4_i3l*i jj '(j£3j ' cJj ^ . -3aJJ >«JI JJE- (J^-^l J&J (_]jJj31 

"Q* I'* (_g.Oii.iGj Ajj.Ji1.o3I Aj^jjxoVI AjJ j3ja31 Ijjjj^j31 Aiajuil jj gGjj 

tAjiLaVI aj1^j3I ^gJc. AjiLial jjj jjjj^ aJLg J£.Ji3l Ija tilllaj .{Filagrastim 

JaJJjAll (J£jJi31 jJjJaJ (_£J^ AjlcjJk. JJC. _j'--j°-^"'j ajMC ' aJ <3Ual AjAjj 

Pegylated ) 4-£>a31 Ija _> (Polyethylene glycol) oAjV' jj*laj 
Sjjjux cjVLaj iajjjj <— ua> iPegfilgrastim fjGJj»lfoj.' ls- 4 ^ j* j '(form 22 

•G-CSF c-isjs- L£ Jj^^ jjijjjVI 

Tissue plasminogen activators <_?>," jjy»>M jJjy> cjiUi* 

^ (Acute myocardial infraction (AMI)) SjUJI ajjJSII Aj^j31 q\ 

_jJxaaG3 4jtiLa3l ' "'1 &J>Jp3l JJk.1 J .1—1^*31 (Jj J -k. « Cjj-a33 __ £r JuiJJj31 I ■ Ifuiail 

CxXaAa a jSJ .CjlJiiGll <1UJI ClLajjjVI -1 I^GjJ jA SjUJI Ajj3S3| 4_a_ij31 

(__;j31 c JUti3l jjc. _j;Loj^Ll31 j3 j<a j»jjj1 AjjLj Uj3aJ 4jL«C. jjiaGj (jjLaJvlJI j3jx 

^j^"'"U -J^3I pO*' c^J 43jaJ 4Ajj-j3I sjjj3I ^ ^j^j 

ajjjjjj <_ajJi <L*Aa31 jj& ^j3I ciiljjiG (Fibrin) jjiJ cjGij jl jj^j^l 

1 i a^Xa 21.6 (J^^l J-^JJ •(jjj-aj3l p.l&j3l ^JSJJ JjiG31 ci 2 ^ ' lua J <l^La 

. jjSlall JftliGll SaJaa a3 



jji, j3j ,<c.ii«lS jja <^ "-h j-iLo 4 ))-» all (jiaJI UiUvii (J«lc j* j :Lenograstim 21 
.Graslopin ljjjjUjS _«jlajS ajuVI '*■■** j^Lojli -liiJ 4ijii Jja 

SjIc ijii e-ijj*- JjSjfc jjjl/nVl j^ul jj ci^UJ (jjalljll JaLjjVl ajL«c ^ j :PEGylation 22 
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B AE. F. K1. Glycosylation 



(v) 




reteplase j!^^! j '(!) ateplase (t-PA)jiLiBU AjJjVi imli ^ j :7.21 
ifingerjj^fl F AjIuj^JI cjleQaafl .(^) tenecteplase j v ' j 
kringle- 1 Jjuj^JI ^Uaa <KI ^epidermal growth factor » >u J^lt ^LLa t E 

US i<jjjjl£UJI 4iL2aV u#«S>» JU\Jl j»J -lii J M .*'*.' Ui .jiUujjJI ^ i-iilc. 

.AAAA _j JjjLi 299 ^1 296 <y 
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JSjill i(AtepIase) ^jmVll (j^^pUl a3j-o J*ia ^Vu.n 

t(JjL«aall ^)j£l ' L*aj iillLcJ ^JSJl (jJJj^l CjljjJj^>J ^gJI SiLiaVlj '(7.21 

jjikj ^ j tojUJI ajjJSJI ,J Thrombolytic e>J&31 JJ 

•Deep-Vein Thrombosis (DVT) 4iLa*]l 
<Sljl ^> jjli ^i&ji* u^jji j*j i-(Retaplase) jXiLbyi ^CjUjjjjJI) 
"Jijjj^ll" j t"EGF-like" "ojjiJI j-aj J*ln ^j.i >*" j "^i*-aVI" cAeUaa 
ijjjjliiilb Jaii^a jjc <jt U£ 4 (J}L£&!) t-PA _ll jiijjj ;> "Kringle-1" 

La! .AjfLjjiVI Ajj jljall IijjjSJI A Sa J jj (till <aAjj] J _j*J t*Ujj 

Ajibal (j^aLa^l Alui CiVLaj JI^Auil aj i(Tenectaplase) jXu£±i±ill 
Monoclonal antibodies iLuuJI S±ia.j SjL2x»JI aIuaVI 

4_ia>!>l*JI ' " ^ '.f'J J.' M aJJiSlI ALjuiill "o-^^J a^Lwa all ^Luia.VI JlLaJ 

Lj-i« (JjjjxmJ ^gJc. Aial_a<aJI 1 - 1 <u j . ^Ij-lll jJ_a!alSI ^ jjVI A a laOjuiiall 

Ajjlill Slun'iSI oAli.j ojLia-aJI ^Luia.VI - iklkjij tUjj.1i.oli.nl l_Ui .(4.21 Jj-laJI) 
<jj aAa SI e J ■ Zaall ^LuiavVI - laliuij (jja. ^ tiaaa Ajjl nLait ClsVLa. £^-*-SI ^ 

Jjjlall ^Uaall cjXoiLcj ^aaj djja.) (Humanised) Ai-ij>»ll J (Chimeric) 

il ■ «a all - 1 "-^ SI (j^aJ ClulilSI ^Uakll JfLiA £-a 0 uajl jill ^.}S J ■ <aall - i aa SI j-a 
^Jajoi ^gic. ClAiiaJI (_pajC. dlljlaj ^l,^"imlj Laj i(Hlimira I j;LajjA 

s jja-a jl jia ^ UajSjj jfc J s (Bacteriophage) AiiUJI ^jjja 

j ' Jal .(jLudVI Aic. AjC-llaJI (jJjJjliSI I - '1 ua sjJawj J^^-j 
(jjlluijJ^JI (jUajxiJI ^ilc. ^ A » r^il a j t Lj-^LaJ jjc. <SjjuiiSI oAiawj ojUia-aSI 

^JjjjSI J^lLaJI MUpSI j t(Rituximab <-L»±j&juJ!i j Herceptin 
^cUxll ij^ajll cj^U. ^ij (Remicade jII^jSI) Rheumatoid arthritis 
.(Zenapax ^LiLujj tSimulect CjliSj-aj^ !)lia) £ljj_£U 
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Fusion proteins ^U-itt! cjLLjjjj 

AjL^aLl !)L-al t i <a« J IftjJaa Jj <£/Lc. LgJ (_>"j5 'SJ^J^W CjiLuiuij g-o^J j»Lislt (jj 

(j -«j ■ — St liA <5iLoYlj .Jjila f.j_gj^ ^ 'i^lAA CAki \ * n-^ ^ciaJ (jl 

CllLiUajjoiS ^^JJ^aJil! ^iU! J <La.laJjjiA51 <Ll_axuLa51 AjcLLaSl ^ajAuiJl 
t-j^- ^_ya AjJJjLa ^LaAjI ' " '""'J^).' j' ' ..^ ..' *,'^ * CjtjJ_}a. La] ^ajAuiI! 

£-Ua3j t^Ai adjuiall j inijjj ^11 jt i a all - i aa St j« eljaj 1 . » 51 4_iLkjLi iaiijj 

Ajla 55 ^Lui f. 3^ j 'l5 _j5aJI «.LiiJI ^>jc. iLsl£ (Jjjj^jJI Jaj ajI^c. J Jalujli (Jlalil 

^a.jLaJI ^jjjll j] cJjjjLaJI j»->Ji£| ^» jxjoi (jx S j_ja.La Aj1ijj^)J I- llfcl SaflS 

L_taJ ^LuJI (_LaLt3l jjl 'ij^al! j .<LaLui AjjLloj£ <_LaljC. jl t((jjjlijxj.lluiJ Ljjj£j5 

4a.j^i5l it i <a a5t - i St £-Ua2 JvUi. ja at iSlall 4_ijl_L^JI UvUJI x ala a I J^AuU jl 



IfrSLa it .Ixj JjSj jl i ■ la-j i ^_lll iLjilaJI oiis ^Jajjj ^Jc 'a.lja.j^i a i ^ a dlt 1» <aJ ■ a a 
(jji£jl±i3J ^jj^jjhh. ) AjLa. ,J ^Lajj liA (jJiJaa jxi Jial . (jjjj^jll j^ ^»Lui5l «■ jaJI 

jjjjoiII Cjlx-LLa jrLa^jl j* JAij j Denileukin diftitox 23 

liA .(jUaJI Jluj 4(Intelukine-2 (IL-2)) 2 - (jjSjIjiiYlj t(Cytokine) 

^cJajoi (_y5c .Jjl j (JSjjU <Gc. ^>J*J c5^5t IL-2 51 — J Lie _jj Jaijjj i_a jjoj t—lS^yiSI 

1999 j»Lo ( _ 5 -aui£^iuaj (jj£jjhh ) . lillj .jxj LjJ j-a t jj i ' a j»JjJI LjiLa. 

.Aj^iaJI A^tiSt LjilaJI La j»La5 jr^tJ 

£ jLk ^ILa ^> jjSL ^ill (8.21 JLill) Etanercept ^±n^ jjkLj j;^L«^ 
^^5 i^J ^1 j> (Fc) 24 jjLu15 JjUffl ^>5t j P75 TNF J.^..,o55 ^ _ak 

(j-a J£ J^C. JLLjIj ("tUiejjty ^jL .(Gl ^^C-liaSI jJJjliJI) IgGl (jLuiiVI 
(Jj^aLLaJI I ■ it gj5| ^!ilc. J a ikloLJ La£ 'j»J_j5l jj^ij (J- 0 ^- J i^-lLjjS^/l [^jLl kj ■ a j 

J (jij jjj55 ja*JI ■ L^aj SjLjJ J Fc jj5iil5 Jj^' * -^.j -is^iJ^ 



.^jUiil j-VI :Ontak 23 
.Crystallizable fragment :Fc 24 
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1986 


(Johnson & Johnson) 




CD31 


OKT3 


(Jill 


1995 


(Centocor/GSK) 








1997 


(Immunotech/ SangStat) 








002 


( IDEC/Schering AG) 








2003 


( Corixa/GSK) 




131-JjJI j 




1996 


j^hj * ■ "J ^ j lij ' " 

(Centocor/Schering- 
Plough) 




, ,1 „,,.,< 




(Chimeric) 


1996 


(Novartis) 








1997 


( lutu oenentecn/ Kocn 
e) 


i ,-,,<^ 






2003 


(Imclone/Merck) KGaA 


^ »a'i. * - <a i " all j 






1995 


(Centocor/Eli Lilly) 








-' J ^ ^ 


1996 


(Medlmmune/ Abbott) 










1997 


(PDL/Roche) 









^ill saijo 4jli. jj-ti :Syncytial 
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1 QQS 


(Genentech/Roche) 






H 1 1 . j 'A 




2000 


(Celltech/Wyeth) 


-ill UojSjI 


0 .' ' " .' ^ ? 






2001 


( ILEX/Schering AG) 










2002 


jjjiijjli^j /tilling 

(Genentech/Novartis) 


a jo! 








2003 


(Xoma/ Genentech) 










2004 


(Asj /lit^ 

(Genentech/Roche) 










2002 


(CAT/Abbott) 






1 







( 


X', _ X" _ X ) 

0X1111X13) 


1 


S3 


TXT 

| Ch 3 c h2 1 


tfjJJI IgGl 


p75 TKF JjSiu* <> jBJI gjli £ti*JI 



.Etanercept ja. cA^Ua^l AjL :8.21 Jiwlt 
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Other proteins & ja>? <^Ajjj 

4joTlo\l AjjjuLall <±OLst!l (JjlipjjJl (jjj (JA 

^VunJI tGlucocerebrosidase Ja^ jjjjj^ j£ j^I ftjjj' J^> jj> 

Lal^lll JJ jc j i (Gaucher jj£i£. elj) Jl Aim jjujiui j£ jlxll j ^!>l»J 

((t-1311) IX J-Uilj i(<>ttll) VIII lUUIIj '(a ^Ul) Vila J-UI) 
(j^ojA Jla cjU >aj^l j l . (Haemophilia 27 jjcUll *Ia1 Jjai ^aiVunJI 
<ELo1 3.21 JjAaJI j»^aj .(Follitropin) jjjjjiJjill J jLujVI ^a! jxill 

Aa^Ull jjjU jJt MMjEnlti jAUx^ 4.21 
Regulatory aspects of therapeutic proteins 

Development and approval risk oaji jjJIj jjjJsjJI jkl^-« 1.4.21 

^ S£ uj a AjaIuII ^jj^a_j^ J^xuJ V L}jlj-aj£ <xlk^a]l dll ;<J all (_>u£e ^^lt 
jl!iVI (j-a (31 AAc ^-a ^iljJJ Ig al iklml (jli lilliS i ClUij j ^aVI (jjl*JJ LaAlE. 
^ill ^ jl jjjII <-sA$JIj (jlstJJ jlSfl oAA I jj V] i^Jj&^all jje. 4 nil > II 

.AA jj^a jl AlSajjoba JJC. Clll '/'JJ.'^ (jli iAjlxJfla jl_o-a£j . jijj^JI <iA§luiJ 

(jli t^gj^lxll J^.AlU ' 4jaJL-£S Lgjl (j^J 'J^^ ^J^)^ 3 -^-^^-j (j^-ol ^° '-^jj 

JSI (Ja ^Jjlj-i (_J-aljC- (jj^i! AjjjoiLa AjjjoU llll J J.' JO^ 3 -^ Alal^all ejjiaa SI 
.oAlAaJI 4jj.lV I (j-a jj_aJI 4 1 ' a Cjlllj^. jjjlail Aaalj-all liilj (j« ^Ic. JSjolJ 
(lAjlgjj (-J^jij ^^lll £JjLoba]l 4_iijj (—sl^ILuVI Jax-a (j^ (j^ ^ tAijaaJI 

' ajJ (ja _>^V ^-"^J '(^1 jAII jJjlalll (j-a ajjli.VI Ji.lj-a]l ^ 

qa Ajtl^axll 4jjj7I JLa. (J l&ia 4jj4aJI AjjAVI Jla. (J JJJ^J JSI t Jjjlalll 
AjjJVI jli ((Jl jASI JJjlalll JLaSiuil A*J 4j| iiillj ^^Ic 



(_><aij! A^jji (jjjijSI UiU. ^ (jjA^ll i ,i; .. "n ^Ijj o^j- 0 j*j Gaucher's disease 

. jaiall (J J^iaj jj^ij ^iiljj >• Haemophilia : jjolill 27 
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"LijjaiLall ■ - 11 iij JjJI ^Jj-^ jfljl AjLaC ajaJU ta w "' all tllLlV _jll ^ 

Center for Drug ajjjVI ^jjsj j cjL»VI lLJ u-° (i-sLaiiilll l^e Lua) 
Federal aj^UjVI «.l jil SjbV ^Ull Evaluation and Researvh (CDER) 
cjUlja.) JDLk ^ t«lli fiia 'UjjJ Lai *Drug Administration (FDA) 
European Agency AjJall cjUlLall ^yail ^jjjjVl 31£ jil l$j ^ j&j 4j 
cjl%SI s^a lillloj .for the Evaluation of Medical products (EMEA) 

. Aj^/laJI dll Luj ull j"'^ 'i.lla-a CjIjLoijI AjAUaHll 

Safety ^USf! 2.4.21 

lillj l^jj Laj cjjljjaJI j| (jLoiiVI (j-a ^Ujj*- 4 ^ ' "'^ ''.f'JJ.'^ (J^^" is^~ 
(jx S j_oi.La]l dlLi.lal]l£ i4j^a^a-a dlLulS (j<a jl taj_&^a j ^Lk^a (j^a <U j^*-a]l 
(jli (((JJSJ <lla-aj S jLlill AjIIc- jl ^g^) ClLujjjjall jl Ujjj^jII 

jl t<Lluil i its U ojj!La]l jIjaIIj ^^lai. Lj^aljJ V AjjjaLall '"'1 '/'JJ.'^ 

J'o""\ "JJI CjUjJ^)l]lj ' I ■ LuijS all 4£.LLall (_>saaj (JjijjJsS 4j^iaj-a-all CllLjjjjall 
dl^LiuUjjSlI l_J _a£Li. (_pa^>-a (j^> JjA^ p jjj <iluiLa (jLuij^l j)-a jl AjjojLall 

^1) Jaksll JJje t> c^l 511^ L3L* flj tt-ifJI li^l .Creutzfeldt Jakob 

(_5^l) AjjjoiJI jajII ClAj j^s_)AjI w (La j^iLfSI jpi jl (jLuuVI ^ (j-a ILLlu 

*Llal ^ ill 'iAiJI dlL al^lkjix ^j-a IfljLui Lj-llc. (J j 1 II ^JJ jl£ 

.^jj^U a^J ^5 B jj <> ^11 t_jLpll CjUlil J t((Adenohypophysis) 

jiij (jl (_£l) Ajulaiuia <Llj.ui1.ftll Ajjjiull CjljjJj^)^! jj£j (jl £3 jilaJI JJC. (j^ 
A^iLall ' '.f'JJ.'^ U^*i .* ^"'■■'^I jjJja St jj n'lll jaliajl ^S3jJ '(j^J •((^ £ -L-a (J*5 
La Ai^.j-a j_j LjjIc l^>iaJ («ill (JjJbtill ^ AjL^aVI Ajjjiull CjUjjjjjII jt ' tllaj jl 
(J La£ t(^tlj ... 4<ijjjVI AjLplI 5jJU-a jl tJjjjSJillj JalijjVI 5-a2>.Jjll JxJ 
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4jjJiJI ' '""'JJ.'^ ^ ■ '■*■_;' j^ya Aj£l .'ijjja. [4j&li<aJjjil l_jt.jja.xl ^ 

jSj jjJ 1-1 4 i ,-iUk tA-Utjii -ull "LlLutil ^Jc JLcua_i l_Aj t <ju-o"i ■ « j jSj jl <Lj j^uUJI 
Jja.j £-_<_l (=j'j-jl J ■ -ia-U--. l jJj ^tjjVI AjLaC L-jlluijl Jajjjj 

(J j' jjla t^^LxJI jiilj JaAj t _ ? ic <-ljjj ciilli J] 4iLiaj .(jijjjJI 

Cl2 jll ,J .AjJtnial! a ■ aa 11 ClljijjjJ JaC. JUajjj ^jl ill J-aajll jLl^jl (ClYlaJ! 
Ajdlaluilj Jjjjll L>° "Si^J^ j' LS^ t-b (Jj^J J^JJJ V 't^^-^' 

(_>a jaj 1 g «Jj£j ( _ r !c. J-aaJI ( . llW'u '<^a ^ Ajijjjjjll AjjjVI aoA 

.JjjjjJ! l$£>Ua) j*j liliiS j tjJljjjl jjj^ 1 Ja.1 j-a 

cAlsi jjAL JjSlyu ^ <fcUaj 5.21 
Outlook to the future of protein therapy 

(jjiib dll J llalmVI j Aja^L*]! I llVI all £J^a. ,j CLlLlij jjJIj 'iljl-lall ^JLojj V 
AjJaiaia Ajjl ajall jl j-all Jj-a l$J 4jLii3LLa (_£ J^l ClAjjlLaJ l^lijlLs (_J^3 iAjjjlaJI 
ClVlaJ (J O^ 3 ^ 1 J^Al *JJ4<« ^JJJJ JJ^' AjjjVI ijj "cs^O?^ UJJ^ 
Ala. (_>a^- tJ^jJ 'Jj-iJ J2 JJJ V /ajJI ClbUialuiVI <J • 

j| CjlAgjJVI j 4,jUajjaJI <jLa oliaJI ^jlc Ijiaa. J£Jjj ^gj]! (_palj-aVI 

.Ajxujjjall ClAjL-aVI 
j| SjjaLo (jLaij^U <LajV ■ " ll JJJ jjj (jj^J ' " ua J ,_^_Ll// 2"3Lt// tliVla. • 

Adenosine ) jliJ csj (jjjjjjjVI (o=>aj) jj& ^ jj& 
JJ jc jjc j] (deaminase deficiency (DAD 
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■ - 11 '' j^jiSI aLlii (j-a ^^C-llaJI jlg-zJI ^ JJ^Sl j' '••■^tjj J^?-SI 
jl t ( jj]jjjdj'yi^) Cjli^jJJjjJI jl idjljj^S^JI JJ-ls 

(jjjjJjjLojjui) (_g.luta SI 4^.j-aSI jl tG-CSF SI jl i^jJJJjJjjJJj'VI 

cjVUaJI oaa ^ .(^jSjjVI j ujj^j^V J '(Somatotropin 
^ic. <jlc.li jj£l I j .^g-iij jjjSI - ^giijj^SI JcliiiSU a£^jjl ' - 't- j 

A tUc. J^Li IgjSilal CIloJ "<U»Ulia iajljj" 4_AiLaJ llll \;"'JJ.' a! "I 

-Ua 4 > f-il-^j ' I l)la.laK to U» i tall AjjLlqJ^S! .llj-aSlj AjjlLa ' jjUMI 

.4jA*-aSI AjjujjjsSI (_palj-aVI 
.Ajjj jJjaSI ClAjL-aVI (_pal j-ol -Ikia 4j_aLi. tdllaAIK • 

oj3j!La a i "7- SI ^ o^_jakjAll jl j-alS A LI La all AjjAJI ' \f'JJ.'^ '" w 1> al ^aS 
4j2tM*]l J _&JI JjVI JjiJI AiLiaVLj .ililiiaJI Lia>_aS_&j£j a 

1 a aj ^ , jbtAll^ ^liiSI (_t?-SI ' " ^ V' J J " L>° -^J^ -0 <J-^j C5.J^! '^J^^' 

AjjjooSI lilSj jl Aiuii^-oS! » al i <aaSI aLaii.VI 4_i_aLa.j JjjjaiSI (^ j 1 a ajl 1 aa J 

L&ax ^jj^aJ t jJjauSlj JjjauSI 4jll*i t It 1 >i <_J£Lia (Ja. ".'J .<3jj^a]l 

jj l£laJI tAji.^ dlllii. AiLial jl t^Sla all CsliiaJ Jl^ikul JjSluLttSI ^ 

(Jjaj ^^iSI a<ail Allix _aSI JJ.1J 4joiaj (_paJ^all ajaia. a_jSJ ■ Lua j (jLuijVI - ■ 

JjaJI (Jj-oJ ^5 < _ #T JXLi-// 2"3Lt// (jli t^^ix-aSI l-lg-Jj .Aj^ilaJI 1 - ll jjS j^)^! £jii-aj 1§j2 
JlalaSI ^Igjll (—S^JI 4_JjlLa ,j JcLaU JlSj 4. 4_l^.^ljtJI Cllliij JJjll ^-ljSlm^Qjl CllSldSI 
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Introduction A^jLall 1.22 

Ajj.i.i'iL<JI ' " d '""'JJ.'^ s? '' ""^ C^"^' ^ ~JJ"'-^j Lljii^jll CjjiiiJ Jiil 
cAjjj^J! Ajlidll Jla-o jljlal ^^Ic aJjl j!la <LiaA| Cj! j Jjllaj ^^It j 4-Jlc- 

(Escherichia ajSjj^YI Ajjjljiill Lijij^ .^cli^a ^jiui* t _ sr lc. ajj^YI 
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(JSjudj 4 a ° a IgijUajj ^IjjSI IgJjSjJ jV (clyj^-^-^J >S^I_jllj J"*^ SI J £jl^>SI 

<jl I . |S LlS V 1 $ T-"'*'"' l _ 5 ail 4jj.uiL.aSI ' "'^ 'j"'JJ.'^ *MjJ^I 4jSL«iSI jl La£ ' 
^jljj Jajl j e-Luijl jl <Jj jjfL£)Lij1 4c jA^-a 4iL_ial (Jj-aJ ■■La^.jjll 4jlaC. a Vq* n 

Ajj-nilli •AjJjI 'si jj CA'l C_lljjl£SI J al 1 iaJJjJ <Labo Jjjljc liSLiA jl V) .(Cjjjj£j1 
AjjLLa ""'I 'i'iKM a jA j» jjj^- ^ GC jj jjf'jl . nj jjjl jC. CjIjjjjjK jjjl 4 ■ i aSt 
jl (_^aiij^ JJJ*J (_$ jIuia ^ ■ ■ lluijj La LlLi ajjL) Cjl jilui J J?.JJ ' 1 "^JJ &2t\ ' " 'J^ .' 
(jc j;;t"i1I ^ai: idlYLaJI (j-a JJJJtSI ^ji j) . jJJjjjJI (j« 4JL*i jjc. 'ajjjxa JISjjjI 
La£ . Ljjii^jll ^^-aj^LSI SaJa ail ^ 4Ia.La jje. 4jlaj '— ^\ >w-\\ (J£ji ^^lc- ' "'^ 'j"'JJ.'^ 
CjLjj i ajaj jjjj ^jjll 4Aa.jjll jxj La l_l}Lj.1xjj j»Ljill ( _ ? ]c- ajjlii jjc. Ljjj£jJI (jl 
»jj aa Jila) ~ jj SI Lai .4jjjaj1 AjjILlS ^LllLij i4jj£}Lajlj 44ilidSlj ijjjjjjSI 

<j| j> ^ jJUj i{Pichia pastoris S jj^i. J iSaccaromyces cerevisiae 

4jAika. LiLi. L$-J j» jSJ j^ill lilSjl A^jLLa 4*a. jjll j«j La ClLiljjxjj ^»LisSI L$j£-aJ 
Jjjj£j^UiJI ialjJjl 4jlaE- jl jJJJ 4jU i((_>u^UJI Jj^aill JJajl) I IjtoJ ji&YI 

^ Jlii (J£Jij (_j jaj V cjLjjiill CjLjj jjj Jjj*j1 (N-glycosylation) jja. jJijiSL 

JjaJ 4jaLa-a UjJjSjSI j SjJ-aaJI LjiU. j> US jU tlilSj 4iLjal .SjJxaJI LjiU. 

.LiLiJI a^A ^jL^. e jlj9j (Ai p jJJj^W t?l pLi.jSjjil (_3j*j ^J^J'^J" c5 l5 j^- 
^LuV UjJ^aiaJ jaJ JflS iLjjlk Ijlja. lilllaJ V tllLjjJjll j CjljJiaJI Lj!)U. jl LaJ ItSlJil 
L»jL<a Ijj'nVnj L^£.L>jiuil jjii^ ^l 4 'a jjlilall AjjjiLall l— lliij jjJI j^ ^jujIj 

aiA jjc. L^a.llijl ^>J jl 

Mammalian cells (jLuJjil L^U 2.22 

(ja (-■"■^l jLi.) ^L> jll dLjjiill LjiU. ^ jj AajlS-aV CjLjI J j jj 
jLlaVL <j1 (J. F. Enders) jjid c& 1949 ^ ^j^ 1 ^1 

Aj^aaUl dlLu^jSI Ix^. ijA JUIaVl JljiJ L-UjoLaJt (Polio virilS) (_>u JJ^ll ^Luj 
AiJa ->lfll Ljjj-N a i'i-^'iI i ^il oil jjaJI (jd L-jLjJAmxajl AjKll gjjoU j 

^lljj 'ajxuLw lillj j xijl .Jjall (_J^J Aai SI j AjKSI L!iLi. ^jlj-a (j-a (JLill (_yijjj3 

.(1958 fit) V^JI .(1951 ^Ic) 4^ jj1 -^jil A^jj^a cjUASJ 
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4_lajJ jj l^Laa. Clajjl <JjLa.taS]| ai& c(1958 j»Lc) Aj^ill j!aaJI (_>"JJ^ 
^'J'**- AjjlaJI ' &SI ^J^3* Luilj ^3 •t_^i£' -^J^- pi ^i?^ P_jl3" 

4 jja g St Aj^jjSI LilaJ! UjU-i, jj^laj ^jJaLaSI (j^sSI (j-a ' "^„''J* .'"'^ <_5^ 

(Hybridoma) 

a& jSLij .aia.1 j Jj^I Ajia. <j* a jtlalaSI (Clones CjU jJ£) Llija ^ELalaSI L£iaJ 
AjjlaJI CjLlljiiJ! p jl j^s (jli jJ! La^-a J! j La llllalSSS AjjJaJI a-iLail LjjJ (jl (j* 

.■■Ua.1 ja. (j^aljc-V ^la.jSI (-3 ' S jl 1 " SI j 



SI _>iJI 




SI jiil 



La£ t J>ia Jli (1.22 JSill jbil) ^1 cjUj^SI l£Lk ±±\ JZ V 

!>llLa) Ajilia J f ^ i afcl All* ^3 (J££ (jljJaJI (Jajj -k'Tt I j ^ J 'j»Jjl^?-SI Ll^- (c^ 
Jjl£llt AjIaC ^LajJI (jLajJaS tOla^a L-S-l^J 4ia jia (^lJI ..OjSJIj tAjlSlI 

Jaj^jJi CliaJ £jJajj j La (jljja. <j« a 11 la a Lj^La. J^*^ LaAic. (jljJaJl 
^>a.l LttjuiS j * - ■ "a*'J ■ » L£ilaJ! si* JajJaa. '-— » J (jli t(6.22 (J^xiSI ^ajl) Abulia 
LpLaJI (jj . JLaJI Ujaiti JJaSlj t^Ljiil (jjA? ^-yj^ cs^" ^ " 

j»Luiaj^lj j-ajS! ^-i j.<ili.>u L£)LaJI Ajii Aj_ala. p^jl^ cs^ J"'^ ALa?.!)La 

a^j^SI Lj^UJIj t (jkH) Epithelial AjjL^ill L^LkJI Jla lUVI jSlSlI J^-b 
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^Auull) Fibroblast <pjtl\ CjU jjSM LlJU. t^Uaj^J) Myeloma aj&UJ! 
<>» (mAbs) jtill (>o ZLudfl sj±± ^ ijLj^JI ^Lm^.)H Jjc. tis.iJ ^al .(*La]| 
^ Sjjj 1975 fUl (Milstein) u^Vj^j (Kohler) _> J^a 

<»i<ui (B-lymphocytes) ajjIj <— Ajjli*! (i^j^ <je- 1^* ^"'"ob" j 

L£>Li. £x> jljiall j/i a jbjaa ^Lui^l jjaj f 1 ■ <ajj t_£}Li. t^*J i^s^J^ 
^Lajj Jjl J£±$ (AjjUajjJI ^flhrll ^LajJI LlvLa-) ^jftlkj A^Lajj 

<jjU1I ciUjlLaBI Sj^Lo (jjj ^-aaJI tliA .Hybridoma 

j-aill ^^Ac- oj^Lall t^j.ll a-^S^ tjvlii U' LS^i ^° .a-l^lj ^ AjcLaal! 

Clll jl-all L>°J ^ ' Jajjjoi j2j!i AiaJjii jAluta [JS ub ^t i aajVI j 

o^A Ajj^ all Alnll ,j i " it ilaj _jJ ^^ia. 1 gJ&l j j <U_j£joi j (Iajaj 

L£}Lajt ai& (jLa ii£)LLol '(j^J .Aila-a ^jtj-» '"'^'J.' -I ikluil Ait Aj-aLk j il£)LaJI 

Cllllij j jj (jljij tdlVLiJI J u - j t^j) 21^4^ CjI j_jia!ill oAA dla^ajai aa] 4 LifLall 
AiLiaj (_>«aLk (_J£jolJj ^JU La <l^J-o ^ a ■ QJI C_L>LlA«j]l (JasJ 

Vj ■ . 'j^U^li J^jilLj Ujj^ <lLxi CjUjjj jj ^glc J j^a^JI ^JIjUjj < (Jjjj£j1«JI 
a^LjaJI ^luia.Vl "AioLiSf" ciiLuaj ojXajj (G. Winter) jiijj ^ 1 1986 

jLuij^yU «.l "tjfrt llaj al" 4 Vm n\\ a\ui\\\) b it ■ a^ail ^Lui^.Vl ^t jaajmit A^llxij 

.(1.22 JjM jtsl) 
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^ui 4JauuII a-lfVj SjIuia ^Lw^l 


:1.22 JjJaJ 


. .U-.ti 








(Retuxan) jL^jjjj 






(Centoxn) 






(Panorexin) jj^j^li 






(Prosta Scint) c±n^ j^p 






(Myscint) t'ui.mLa 




t> IFNa2A ^jajj 








(Roferon) ujj^jj 




^.lll jlkj (_i«lc- Ajijj 








(ono Nine) oAA?- 0 




^.lll jlij (J^ilc. Ajijj 








(Kogenate) j$ 




4_ij| jj^JI 







MjjlaJl Ja jksJJ ^Ijjil JjJjuJI 1.2.22 

Genetic modification of mammalian cell lines 

Recombinant DNA <-> DNA _JI Jja. mj^' J J uj 
cjjA^- j^j lJjs t> 1973 ^ U>ij ^^iiaJI JjLnJI J(rDNA) 
<SUi ^Ls ujj^il CjV jjj I jjjia jj^l <£lajj (Walter Gilbert) 

jl DNA II (>a L_a.l»i (J^jS (JJjia jfr iiUjj tCjliiaJ jl DNA II t> 
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(Jjjla ,jc. Aii.Ja.^ AAL Jib DNA SI (j* 4jjJiLall ^laSSI oi* <Ji.Jj <iilj A*J 

^jjj^ (Ja.|j S^J.la. (J^ (j -0 J -^j-^-? (jj^J S-a S-iSIe- 'W^J^ti 

^ -Ola J^JI JjS c&j -(^ J J-^l jlail) U^J AjkJ! (DNA) 

(jj^J ojlc. ^^Aj ' j-ajll 4jujjj Ljjii^j ^gjj IgJla ilj Jisl _aiSI aja ■ aJ Vjl 
( jja._&iLa j^-JI (JkLa ^Ijjj AjlaiSI a^A (J!La I lLa.lklml .laS . -Ll^^u^y/ -Lijjlj&ll 

£i« ^iVunj ^ill i Tissue plasminogen activator (tPA) 

4£jjoi (Jj2 (j-a sj« J jV 4aj_4x«J .AjlSaSI dlLaj^l ^^juia^a ^ aS a.lSI dll ialaJ 

aUSl (J o-^jj '^£l><°^I S-isuxll CjLjV jll (J (Genentech) i4in/n^ 

Ujaultj <ii_4K ( -J^>^ La£ .1987 

.Ifiljj (Chinese hamster ovary (CHO)) 

Ajlaill CjLauiai .li^jSI ts^- 2 ^' ^gJt, Aiia^JI j»JjSI Sj^i. t"iuijl 

jjjiaj ^gJJ i_!jJoLaSI DNA SI 4-ilaj jLoJJjJ JaS .bjLaJ a j3 jlaSI AjjJaJI 

- 1 i aC.1 (j* aj jaLaSI (Ajjik Jajlxi.) 3 j jK all ObjdSI Lj^-a. (j-a <S jj^a. V J^C 
((jLudVI 1§J3 LaJ ClLyJaSI t^ya Jj^atSI (^^Kllj .lAll t^pajlj-aSI t(jjJJ^>SI !)&a) 
liA jja.1 JaS .(2.22 J>1?JI jiajl) 4_i^a.7lj alieVlj (jlijaJlj ( jluialfrSI j 

<jjUajjai ■ •• il jja i (Transfection) el-itiSI J\ jjiklSI 3 jj jjjlalSI 

^ajoijl j-a <_Sja.l AJjli. JajLi. Cial»il jjja. .J t(OnCOgeneS Cjli^jSjVl) 

Ajlxijj Ll^iLi. a\ lalluil J AjjjiLa a il ■ <a a 1117. 1 ^SjjV 
^'V' — ^ j3 uial^ St (j^aJXa S-L^Li. AjjjuLaJI Cjllijj^)jll ^SjjV S-JLa. ZaLaSI jLiaJI 
jlij^a ^^i^ Lj^Li. - laljjij (j;fa. ^^a t4qSr ^ ^jl j-o CS^ Sj«j-aj aJ_j^ui L-lli aj lilSjj 

jV iiSLj idjUUBI g-taj Baby Hamster kidney (BHK) jLmA^ 

b^A ■ - 1 ^ a I^£a j .(3.22 JjiaJI ^)i»jl) Sjk j-aj ^ JJjJ V (JjjjjASIj 1 ^Jjl ■ qj 
jlL] ^ £-ui\ j (Jliaj ^jlc dlliij j^lSI ^jli (jjjlall -La^-aSI Clll jLaj^l 

.CllljV j^SI (JJJ^Lj Jj^xJI I gj aja ^Ijj Ajjja. 4jlaj 1> ^1 
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:2.22 JjJaJ 


^ jiill iaiAl ^jiSl jluaJI 






CHO 




MDCK 




Hela 




NSO 


tl - 1 tl t^" J * t J 1 


BHK21 




HEK293 


j jill U5Lk 


Vero 


" ' ] " LftlJ 0 IT 11 


VII lO 




WI-38 




J558L 




HepZ 



UjUucI ^jj LjMi <Uawi1 jj i"iVni Ajailc AjjIjJ J^IjC 


:3.22 JjJaJ 








CHO 


(^1 jail i 


(Epogen, Eprex) 


CHO 




(Saizen) 


CHO 


(^]| jWi jLiJa-o (J-olt) £jLJI (J-olxJI 


(Recombinant) 


CHO 


(j»SxJI ' . ','J? ^ ail jj-aj^JI 


(Gonal) JU jt 


CHO 


( jUajuil] ll i toa jilt) P UJ^y^J^] 


(Avonex) o^jj jai 


BHK 


(.».}3| jWi jL^a-o (Jalc.) j^liill (J-oUJI 


(Novo Seven) 
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AjjJj Aj^Ia, Ja jiai <j^s ^J^-j 2.2.22 

Commercial products from mammalian cell lines 

Jajj ^gjl! liili j! tClAjj-iill L£/La. (j^a jjSJ Clliijj^JI aJaa " (jl 

^ j>2 ^1 Glycosylation Jjjjl^lilj JaUjjVI ajLc Jl^ t> 
jW^j Endoplasmic reticulum (ER) ^jXj^l Aluill 

.LlujVI 4AaC I- -(1.22 Jlill jiajl) LSj^ 

q\ LaJj .CytOSOl Aj_jliJ) ejLuaJl 4_jlia]l CjLjjj jjJI ^^k. Jj jjfL^UJlj 

(iBijj t^lc. J£jou ^g-^-M dp^l (J^Ij J* 3 £^ j-° AjjSjoiII ' "'^ V'JJ.'^ 

Aaj3 tllli 4_ia.!}lc. (_Lj!jC ojall <-^V*i*"i 

. (RNA J DNA jl& tilUft (_>lJ) o£ jj^ ^f u ^ ^ - 

Cll^Llla (' J') J lS^o tilLiA tiillil 

ti_aLjaj (jl tjLaj ^1 ajjUI CjUjj jjJI jl (Oligosaccharides) 

(_paLaa.VI JjuiLjJ (JJiflj LjJ.ll (Aj^Sjoi (JI£joiI) Aj_)£juj Cjl \f'JJ.' ^ L£ ujJ ^gJ! (^^Jj 
iaLujI (j-a (jlcjj (ilLiA tliLlla (j^ 1 a ''"'•^ " ' ; Ual Jp lilii Lj-i^lj iAjjxaVI 

j^-Ij (N-linked glycosylation) t-jjjVL Jjjjl^UJI JalijJ :JjjjliiiJI 
^ .Icjjji J&Vl JjVl o^lj t(0-linked (glycosylation) tjja^SfU 

N'O"" UJ^° J )^ JJ ^' CliLlla (j^ 1 p _jj -W^JJ Jjjj^ JjW \l JaLijjl 'Ula. 

^ t jj£jliJlj jjjUj t(N-acetyl glucosamine) jjJjjSjlc- 

^gjjLaVI a SI <lLo!i] AjfjLaJI <LuLull oJj^jxJI (NH2) <j^°^' <C j^aa " 

^jc. l& jjJj Ja^l <1UJI La! .^Jabil CjLuj jjjII <Ll£ 3 
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<_>aLaa.VI j-a <_£ <iLul 4j/iU1I <LiLJI a j _&a. 3*11 (OH) Jj.u£ jj^JI 

AjjJa. Ajllxi t5 Jc- (J J' aail (_Ja.l (j-a Ljjjj^a la ■ alt 4_ii£jjj CjU^SjjJI 
ialjJjVI La lijj (j-alaJI J*all £3j-a ^^JJ 4 fria (_£jajaill (jjjj^lll 

Sjlfi 4aA^j) '^Jj^-^ (_£j£jui1I (j^J^>^ Ajll*il Ua^)jui J J jjSjla 11 J 

^3^;\t Vj cjiajjjVi v Ljisji & y^Ji £j> 

l^La. jl jjiafll! LpLa, jl tej-laa SI -I lalml Liajl (j£-a-a]l (j^sj . tillij ^Lall 

.LLujVI JL^I 

4-lLa*11 oAA J£ji j <_SA« (jSl t(3.22 ojaillj j H J' aflll jiajl) JjjjSjli 11 J 
J-Uaull ^Uaj jliia.1 (j_a^J tillijj idlljjj!ill L^-a. ^ aJja^all tillj (jc ' 'afc-^ a 
<-L>1 ij-a Jj jj£ -A* H J JaLujVI ^LaJ V ^gjll ClljjJj^)lll Lai .La^-a l^al ^ iia II 
((jLodVI j»J J' ax (jJ-a jjlJVIj t ( j ; lljjaij'yi t^LlLo^ <ial£ll 4-jjJaJI I gjjllxi (jjjflaj 
jjj^j (JSI 4 alaj LjaAljl (j^-a43 ((jjjjlc. j-aJ^llj (jLuiiVI _a-ajll (jj^_)*J 

ClLui jjjJI ClL>iiaJi£l (mAbs) aIiuuII SAla. j si ■ a*ll *Laa.Vl 

(jjjL 2.7 J 1 3"' "J 9 CjjJ3 4Ajj;iaJI Sjlaill j . r-i (j-ajJa l&jJ_oIaJ jiij ( _ s j11 AjaiLxll 

CjUlUll 6 iA ^a Ci -(1.22 Jj^ll jtll) 2001 fUH ^ ^>a1 jVjJ 
a il 1 '— a ma.1 -I laAml (j^aJ 31 .AjAx^II ^_pal^aVlj jjUa^JI ^^>Lo ^9 <La»"i i n 
^jjjjotl^jll iljx) Ajla 11 ^»Lu: L_l£^aJ Igijkj lilli j AjL-ax jl Ajxjj 4-lla J A-uaj aala 
jjjJa j_jl dllAaJ JJC. (jx tgj 4 i a a <* J i a all jl AjjUajxall L^AaJI ' al ^liail j » _aaa2 
^Lal Aliuull °aAia.j a il i a^all ^>Luia.VI -I laHuil ^j^aj La£ 4 iaja all A ajlmll 4 i aO 1 
^jlfc I^a. Aijlill aj^Lall (jj l»l ■ a&VI <c1jj) <CJ^j-all r I ■ a&jl 1 ajgiaJI (_>a2j 
1 i aj l^il ^-j^u a Ljaull 'a 1;^. j a il ■ a all ^1 i ua-jfl l^J ^"l ^"u ^all 4ac jjll iajl jjll (JjS uS 
CllLiail jjLuiaj ((J^aJI CjljLiii.1 ^\j*) (J ^J"* - '""'^ (JL>-a ^ *Uua Cllji 

(Western Qj""\u ^ ^ t^jljlajill ajIi jaJI La. jl jjjII 
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Aula. / j ^^JJJj^l (jjiLial Ajjaj (jjluijj Asjjlaj ( -a tail! i_ljjjijll .blot) 

a ■ SI j J ■ a alt - ■ "-^ jjj ^jllll (J il y all Jcliill -I iaHuil J ^.f J'"' >J alaAuK jl 
^Luia-YI -I lalmt 1 ■ aJI ji-a-J • ( ^ » ,1 all - i aa ^ ^ ■ a all ; — a II Jclij) L a 3 — II 
i " ll IjJ jjjII AjSjdl ^1 jt. jjLaj^S (Jj^3 jW^ - cs^ dlUjS fl^i aU.i.iti ajjaj » \\ . •— 
L-ljC-^all gUiall i aaaJLo a sLjauo ^U-ua.1 AjLaatll . IgjaJLta «.ljjl 

jjjjj^jjll ^jlc (_£ jlaJI ^Uall JJ-aJ .Ajajiill J _o»ae. (JaJj .lata. gJam ^^Ic Ajjaii 
tHAall i axi l ^joiaJI £-a jjjjjjll JajQ JJ UJJa. Jj^xll JJC. L-l jlkal l 
(j£-aj lilli oau j a^l aluiVI AaLaC. c-UjI AajLill L_uljjjill ^ic- (_£jlaJI ^llall qa 

.'ajjxia Jjjl jLu J jxxll t _giill jjjjjjll £-la.jlui! 

^JJ » jjU^\I a jLja ^»Luia.VI (_gl J Aiuijj^ill a il i a all ^LuiaVI | ^' <i aJ 

(J jA^aJI (j/s V-lJ d l\jJ jull (jx a j_ja.La Ajjla. la_alaa (Jj2 a jjII (AjjjjJ ' " d '.."'J J.' 

£Cjjj jj .ajxi (JjV < j^"'"'jV'"J jlAja ^ La£ H a °^ a) Axia»a (jljJS (j-a I jj^ 1 "- 
^jti Clua.) (Jj2 (jxi Jj£l AjjjIj Ajjj al (_^<aLaa.l jjaj » ^ ■ '— a al m-^l lillj 

AjcLlall ClLLalu:VI AilS (jx j alalll aJ JS (jj^J <^U-^J '((jljjsll (j* 

i a^kJI UJ*^ oJ-lxia l"llr.^aJ ^j-iJn^yiil UsjUaC'l a^Ljg all ^LuiaVI aJ^J 

^Lja-a ^xua> jA j ^(ReoPro jjjjjj) a£j^ c> (Abciximab) ^ l « u ....^;i u J jVI 
(Coronary angioplasty) ^tsll «\& jll Jj t _ r ,-a ^a ^a! ^jLl^IIj jjjfuiU 

«U 1 ■ aa ,ja!ilft aLjouII A±a.j jliJax jwoia. ^1 (2005) UlLa. aa. jj V 
jj^iajll <la.j,a (jVl l^-La Ij^ I^JC (jl Vj t(jUajx»ill (Ja.1 ^j-a 

.AjjjjjJ! till jljlaVlj o^)a.l!Lall 

jaal jLjaJI JaUll iErythropoietin (EPO) ujjjjjjjSjjV J^Aj 

(_JjjaJI ^Ijall j' aaHuiall ^^Jj^il (jjjL 17 ^Ifj j^ill AjL*JXaJ i^all 

(jjjaiJ (-JjjoiLa (JJJJ_)J _jA oS^JlJjfeSi^J -(2.22 (J^^' .J^O ^ JJ^VI 
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gjio 1989 fit (jJ^jJjJ fjuiU) oJjia-all (Amgeil) jJa-J Jj3 (>o 

.^L-jVI cs^ yJ jjII u^_wj J^jV 1 <J! DNA —SI 



*l>«aJI ,»AJI 



cl^A&U fill L^ti JJ^ 




i(EPO) £)£ijjjjuji\j JUa^l J^bdl jjiiU *Uij£ £j4jj ^^aaJajj n :2.22 JiuJt 

. jLujyi a*ja Jt jj i jSsjtl ffjpA ^DjjIII g2i*9j 



Insect cells 



til j^bJI t£U 3.22 



(JSjoi ( _ r uiLu:VI jilaJ! Cj! jjuiaJI IgJilij ciiljLull j CjljljjaJ! diLu jjjsII 

^-LaJI '.^gjli (_paljxVI a^gJ Aij jx-all <ExVI (J* 3 *-? 1 J*'^ M ^-^^ JJ 

La$J ' .'.'"'"'J (jjiUI St. LOU-iS (J^J^ ' " ' ".' <— * JJ«-«JI ^LaOll <_llgjj|j ^LfLJI 

d^llj c^j^JI l^iaaj ^gjllj arboviruses CjLiL-aiallj aIjauII CjLuj jjsII 

<s/i/i// p jj (jx Ajiuy (_jjll jl lailVI *jJ jll (JjsII ^Ja eta) ^j^Lall 
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cjla Ajcljjll J£LLa]l CjjSjI c^gjJaUl jjall ^ Cll/m u.ill J .Simulium 
CjIuijjjsSI J (JaJI Jajj .L^alji. l&ljjjl 'AjjJiiaJI CllliiU la jli txaSI jjc jjI£j3I 

Ajjaj^o l$i jjij jSI cjLuijjjall 4x.^tta-o j '(Baculoviruses) ajjj-sxJI 

lillj JLXJ . ClAjjlflill jl i'iI o^j 4 }-i )") j-all J j , ^J^Jj tJaaa I 1)1 Jjuiai S3 

AjjlijSI lljlfraJI (Jjfl (jx Ajjj-<axl! dlLuijjjall 1— llaai<aS jj gja Jjll tj? J^- j^?-J ajJSJ 
L£U-i l_itj2cVI <»J '1983 ale J j .4jj>all i-jljj&ai S ^ aK „ i - v^"...M 
i_gjj~axll i_yij^)jsll ^ja ^in" ijslyj 4 a la iU 4jjiLa 1 1.22 (JSjjiil jiajl) 1 Hit Jjuja SI 

5JjAi jjjxj Baculovirus Expression Vector Systems (BEVS) 

AlLal (JJJjJ aJ 4Lll3 lilli jxaj .£uilj (jUaj Jc A^tljj (JaJ j^s jjjjjjll <Sl*i_j 

tdil jjall i " il nj jjjj < 1 " 1 " all S t<Ulxi C-Ajj-jj 1 " 'I '.."'j^).' JJ. n " 1 ^ (j-a S^J^c 

J ^aJlml j Li jj'. AlUti (Jill \f','J.'J < fl ^ i '■*■ " al ' J tdlLajjjl j tAjxujjjS i— ll Ii '— J i aj 
JJJxjil Jal JJ 4-aiajl Jl>2u t t*U j AiLial .(cDNA) a!ala DNA Cjliila 

Ajjj-JI SjlajSI JU-a J CjlijU-all (jx (_>uLuiVI (BEVS) <S j' ^jjjaSI 

,4jj ^ ;~- ujj I Luilj£j ti"il^,lfl]j c4_ijl jJ j, aaHuLQ ^^jj J] 1 ° J^ 
(BEVS) ^J 1 axSI jjijjjsSI jjitMI (Jal jj 3 aiajV Aj.uiLlu'VI a JJ-all 

C1l)Li.1*j]I (jj^sljj 'ajjUtLall 4j_ajullLaSI ' " '1 '""'J J.'^ ij-a 'J^^ 'Ijl-ioS ^Ijjl Jc- ^JJ-^aJ 
ajiuiflil (JlLa t;_jjj]| AjSjSa Uil^ J jjjjjjll Jc- IjJaj jil AjjjjjJaJI 

t> (laaauiS jVIj JjjjfLikS! Jalijj]j 'AjjA^SI ^La^Vl aJXujI j 'phosphorylation 

Jj_)SjjliSI iaLjjl ( \)~. j\\ jAj) - 1 jjJ i ill J t^jLaSl Aj^.jSjJjSI AjSLiiSI JjjiaJ (Ja.1 
L_lUc. Jl tljjja. J jxj liiSij ' ' lll^juia SI LlA^ J ata jjc. Ajl jjjj jl iCjjjVLj 

.AJUill cjbjlaLaSI CjIjj AjjolLall glycotransferases jl jjiuul jjjSj^IaJI CiLajjjl 

jS tdlijj ijjjLall 5JLaJJ (_pa jxjSI JJC AjjSuaJI CllljjJjjjll (;'''*' i Jllball cilfuJ Jcj 
(jIu&J u ' " ^ ■■■■ ^ L5-^ u'J.'^*^ cJJ^"^' dy^J^)^W Ajjl-^a 4.T_iil..iLn (jj^J 

J ■ ojj ^1 (ajj^u: CjIjSj^) glycans CiUl£j^UtSI six. i aSj^j LaS .^tl^.J 

(C j - axSI (jjjjjall (j^a jjjjuII (_3SI_jj aliaj 4 Sajqiljj ^ aala SjjjoiLa dll 'j"'JJ.'.' 

Ul CjLyJjSI CjUlLa j-a (BEVS) 
.(JjJaJI (j^a JjAxJIj (AjjjaiLall ' 111 jjjjjjSl 
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JaLujI !>\la) 4_aa.Jill ^XJ La CjillJ*J Cljl£ lij ijljuill ^^ijj lillilj 

Jl \*«-") ^1 ^jtl^ll jA Lai jjc. (dl jJiaJI LiU. (J d jjVIj JjjjSjMill 

j - (jjijjjall Ja jjjalill (JSI _jj ^ aJajl J LuiLuil a jjIoaII ' lAjJ Suit JJi*J "LaJajl 

l£LaJ Sjjlla Cll jLa a-iC lilllaj llltjjaiaJt l£U. (jl ^ lilli jfr 4jLa.Y1 J (BEVS) 
^>j£VI IfrLaaJ j <S-fei3 ila II i_iciljll Ajjl£-ajj iL^Cjj <U jg-u -j^J 

a^jUII Cl^ i aflll JaVI JjSjillj t(^sskiall JjlU^I ,J ilia) Osmolarity ^Jaliill 

(jjjjJSJ AjL-aiU 1 g i ajJ«J (_g.il DNA II Ja t _jlc-l ClUJjjjjxl L&JJJXJj tl^ia 

i ^AiJiuii ^^ill tAjjj^axll Cluijjjill (jl iiilli ^1 AiLiaVlj . L-Jj-iLa j« j-^at 

Cluijjjill jS^sJ 4iill3 ^^It C-Lijj .(jfcjIJI J' gill ^>lajl) Ljjijajll £-a - laJluij 

jljjJaVI CiJ^i DNA SI (Ja SjJJall 4a.j.lall ( »Jaall £_a I LjSjJ J Ajjj^axll 

jl DNA SI £ya CLa.jJLall jiaj Ij^A j .CljCaJI liila. AjL-al ^^Ic. L^ijjLu 

i " ll L£j j^>j1I Ja Aluiiuil __)LaU a-li-la. ■ " 11 jja s^C (jx-Jalul Ajli^ll 4jS LaJ SJJ^ UJ^ 
CLuijjjsII jj^t'iSI (JSI _jj ^ ^U'lSf ^Ij^ 4 !! (j- 0 ' ^ ' ^jl .LiSjUaj 4 laiij all 

£jl Jail (J .lla. Jluu j^ull ,^1^ Cll j. *t SI Ll5U. Sjjfl (BEVS) Ajjj-axll 

AjjjoiLall ' " 'S J-Ujjjll ^liij (Jfi-^ '°JJ-^ I^Aj (1.6.22 ajsill ^>lajl) <al*-all 

CLuijjjS LmLml ^^Ja <jjj_*_u<JI Cluijjjill j (_5 jIuia t _ s lc AjjjaJI CilclLall ^ 

j . .-r -s n ' " Ua t(Jj| jxll O uo S^jAa^a <> l^l^lj Clltillill jl 1— iLu^ill 4 . jjc. 

ClljJiaJI LiLa. Ixa. ^-a Jxbull (jS-aJ (illil .CjLjlaiUI Ja aJAa-a ^1 jjl ,J lilli 
^>iaa. (_$\ (JSjbTij V L^jl I " Ua iLll} ^JJ.'* - " «-ljia.l Jaj^ji jjm 'n (jjjjjill I^J Ajl^a all 

. ^liiVI AjLaC- (Ja.1 (jx 4ia.j-a ^1 Jjlalxll ( _ 5 lt 

4 m a i_l jJC. l^J^lj AjlliLa r'l.njS jjit'iSl 4 aJail jli tiillj Ja j»C.^)11jj 

(jl jAjj .4_aa.Jill AjLaC ^gjj ^gjll CsXl^iuWj Ailxlall L^JjJC. (jft lilxJ 
li* (Ja.lj 1 g *"*- _)l*-all ' " 1^ \f'J J.'Si -U^* (_g JluL<i ^lilij _&A 4-luiLui jH LjiSLi-a 

(jill r Uail| 
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j) plOj jjjj^JjJ <> W (Promoters) tiAjJaa ^liBEVS 

CllLaJ^I j' ""^ (_>" JJ^' J J (J " ' (_S^I (j^DLajVI J_J^' 

• (3.22 (J^^l -j^mi CiULac. ^ a^LuVI (J-aljaJI a jj j^jj^' 

( xu J aJI ^ (|j*^xSI j-jjjiJlj AjLaVI 1.3.22 
7w vivo baculovirus infection 

.IjLoojl dlljjotaJI ' . U ■ aJ ^gjll CjLujjjjall jj£l ^^A Aj^aj axil CjLuij jjall 
t i_ilijlV! Aijlij 'Aij^iJI 4^. jJ_^a DNA C1iIjjJ>^. ClsLujjjall oiA liliLaj 

^^jli. j^ijjjjj Aili-o j t^^&la ^-jj _jL£ 1 50 — 120 Cy 4il>a 

aiA Jjc .(Nucleocapsid si jia <^>jaa <^»-u) (^j&) ^l^L J£i ^ 

<_Sj^x<a (SJJ flfc (J^JJ^ 3 500 (j-a JJ^I lilLiAj t5jL-a-a Cllljjuti. ^j- 0 ^ uij uall 
jjjjjjJj^JI Clll-lpC dlLujjjja Lg-i-a ajSj JJ^VI Afcjxa ail j • LJLa. 

Jib ajjj jjjsII ajjj^I CjI > ajiall l$ja ^yin tPolyhedrosis 

Autographa a^s&\ sjjj ^ jjjs :L»a <jL« jjja ^j*JI ^Li^l 

Multiple nuclear jjj^l cjl-ipe j^*ia ^ j^j ^jjja j californica 
Bomyx mori jjj^JI ^ jjJ j tpolyhedrosis virus (AcMNP) 
.(BmNPV) jjj^JI jitLa c5jjj o^jj^ j*j 

^-jjaJl jjjt"^1 (j^a^^J ^^jll '"'I kJaj aa all (jj^J t dlLoi JJJS^I £>i& JlLa 

p luaL ^JjVl Lii .(^l^all ^KJI ohjjJI (> %20 ^) 



DNA i> J mlnll l (jc jjjatjll ^ f£ajj DNA -11 i> ^ :promoter o 13 ^ 1 1 
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1 gjjl i al jsu ^""J^ ^-^JJJ ^-^J-^ ^ (Jj> U„'J ' " ll j^)J ^j-a 

al m^Vl ojA (Jajj Jajj^o ClUkJ 4ii]LiA j .(3.22 (J^x^' ,>^) »J ^ij^ 

, ^-.joq\I JjlLjj ' ^ iaj ajil ^^-a^ ^!^-^ 4j.oiT.Ij ^c-ojjj] oJ^Aia i_jLuijjj3 JjllaJj 

' - ll JJJ jjj j 1 glial ^jaj jl L^Li. AjL^alj ^jSJ jjl (j^-aJ ' * ',"»■ 

Ll^UJI JkjJ iLojJ 14 7 Aa-Jj . jj j jjjJ jjll 

.Jjj^. 



(Hi $ 





0hk 



jLLyi j>lu^i JI^jj V .(cDNA) DNA _J! <> Sjl3a»» 4*La J ljjA* 

.j»Lm^VI oi4 44^ J^i t> » j^- 11 e 1 *- 4 ' t^fl V j occlusion bodies (AiaUyi) 
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fjk Ajjj^axl\ CjLujjjiJL ^jJadl 2.3.22 

In vitro baculovirus infection 

L-luiaJ cDNA Aj«Ja3 jl i_!jjaiLa (jJao <1Iaj1ujIj ijjjijjjall (_£jjjjJaS! JJC. 

4jjj^a*JI CjLuijjjsSI I . UjujU J t jjiLtt.laILuLttJl ' "J* Uj"'..'""'^ (jj •J^^^ 

Jj^iillj (Homologous recombination) Jjlalait i_u^tlll Ua 5jjJiLjl 
SjIjc. JjUlJI tjjjitsJI .(Site-specific transposition) j-ia^l _>JI 

JjL&iSI (j-a jl (<ELa-a) LgJ 4ijUa-o DNA SI (j-a 2 . US JlAiluil (j& 

Jl ■ aojVI ' > 'J ■ "I jSIj ^LuiSjVI (Jvli ^ cJ^-" 1 ? AjIaxJI oi& J. aaJj . IgJ 

AuaiSI CjLajjjl ^ lalml Jc ^jJald 3 la a]l ^-SjaII J Jj^JdSI Lai .AjliJl 

^Tj^USI DNA _SI (> ^"-^ <-W t> (Restriction enzymes) 

oijAi. 4 « Ua. JLa.^1 jS-aJ lAAic idlljjj jjKjAlSI j-a °0.}.la-a Cli^ . nl . n'i 1 5_a j-aS! 

,A\"\ <SjLa^ AjJjjjjKjjj CjXlAuU L-ilJal liSJlaJ jja. jl DNA SI Qjt 

{ 

aala (LlgaSe) j^uV fjjjl laljjj liSJjj < ' - lb jl 

dlLjaj jaa a ^uij a j U ; ' n ' llaJ £JLui (JS ujj L_l_jjoiLaSI (j^-SI £*-^Ji 
jjjj j^jJI L-lj.ijil.ftSI ^cllall (jt JJJjuSI I i& j - ' '-~J • I 4j jaSI p 1 0 J (jJjA^J 

<LSLaJ! J J ja. j^ill (jjjJj^jSjjSI (jJJj^ (jc JJIt'iSI (jx o JJJ^ i—llxa£j ( jJjuaJ! 

cl_ljjjLaSI l§^y Q*SI (_>u JJJ^SI-J AjLk^aVI ijj-i sj^^SI aI^jaJI Jj <> j-j^UW 

4_at jjiai! Cllui jjjaSI ^Ijjj (jc- L£LaJI <— JJJ iAjU^yi ^ AcLui 36 20 (JW^- 

.(-JjjiLall (jJ^SI ' 111 aala (jc jj;t"iSI j ^aaaSI J I Ajj_j 

dlLjaj aa all" ^uiU plO SI j ^jjj Ij^-lS jjll dlLjaj <aa a AaajuU Jc ^ I U . i 

— 48 ^ ' '-*■■' Vj sjjj^ <*iUXi L-ijc-j^SI (jijjjjll gjjj V ttdSil A^iiiSj .AjL-aVI 

cLSat Jj ja.lla3l ^tuVI lift Jjij (jl (j^-aJ La-a (gjSllSI) AjL^aVI (>» <cLu 72 
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L^yl^J) iil^ajj) AjE/Lajl (jjijjjall eLla. SjjJ jjV lilljj 4i_J jjjjLall ^jjjjjjll (j^s (j^aSa La 
^''"1 <Jj.ijiLft]l ' 111 ijJ JJ. 1 ^ (_)^a^)XJJ (jl (j£-aJ . (CjLuijjjill JpUal (_kl j* 

jj] (_Jja 1 oS ^jj ^^ill tig mij Ajla II jLyjjjj diLaJ^jl AJajuJ _jj ^jjjJI ^Jaajlj 

jj] (j^-oJ dil^VI (j-a (JjoAjoml lAA (jj ^ ^U.i-.Sfl ^JJ qSIj^sW ^lli] J^*-a lU^J 

Jj.ixj11 ^l^ll Cjs jI! jSjj ^^c i-iii aj <La^.jjll jxj La CiiLj^xj JUuSI ^»^c (jJJj 
^ ajxS lilLi* JjSj ia tiil5i3 .cAiiijjJIj AjLlSI <Jkj Jjs (jiijjill 

.Ljjja. JUt3 JJC. gliall jjUtlall jjJj^JI 
(Jj^d .IpaJ (j^-aJ J^A? .(6.22 ojial! ^>2ajl) 4jj;liJI CllilclLall Clllxi^ 

(_> J-a 1 J£] 4jLi. 10 5 X 4 (Jl 2 (jJJ £ jl JJJ j&J±> i£ JJaJI J&LLall 
^Jc-Li^ajll jjiall AjLjJ jl ' °' a±La <kj^ 1&jIj£I ^jj ^aJ i-lujjll 

>3 U^uj (J. 1 JS1 lik 10 6 x 3 J 2) (^Vl) 

.1 ■ b ill La BEVS 4jJJ^a*]l ClsLuijjjall (j^i JJAJU (Jiiljj j»Uaj 4 jajgjjj 
(C id i aoll J_aia]l 'M-^ J' ' '"■ aola <kj^s ^ajj j : Jjb • 

Multiplicity 4jL^/I ^> a?*- 0 ^ A^jj^B (^-aiijltjlll) 

J^i a .^y^ ?A jjj ^ jl jl J jj£aj ^ill tof infection (MOI) 
<_s1 (Plaque forming unit) (p.f.u) 2 ^!)U1 AKla j 0.05 

10 Jjlsu 4*ij^a j ('iii.1 j AjL^aLl dbala ^^jll ClLujjjjiSI J^C. 

(MOI) (_5jA3«JI L-ic-UiaJ ij jlma jj ,iil!)Ui] 5J£jia CjI^j 
oi^_allj J^SJJ A£.jj-a]' Ajlj-a] jli.no (J^^ - laAuiaSI ^Aixi^all 

t> (MOI) c5jA*JI c_ac.UiaJ ljL^ jLaJ .^jk JS1 liliUl ^KlaJI 



kixwj {jjj&t A ^.) u?'^ 1 (_5^ AiU*i Sj5b :(Plaque) 2 
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MOI (p.f.u. cell-1) = o-jj^ll j£ js(p.f.u. ml" 1 ) 

x ml ^jjjall jtjslill ( ^»/ c JSll l£UJI .lit 

(MOI) 4jL-a)n L_acl»JaJ <_£ jIuia] (Jsl lie (jij Jjjll Cjlp.UaC 
' acl i <aJ (_g jluLft] AjI^-C- f>J3 .lie J£jojjJ ^gjll lillj ^j-o (JjiiaSl ^gll^ jl t Aj jL>.ilL« 
ojj2 j . Jjlal 4jL^I Cilia jl i— ilia jjj (Jill dll Jy£jJ (j-aj)J ^° '^A^VI 

<jjj jjJI Jkj SJ£jia JJ AALja^L tAjLaxJI ,J S.iLlj (J _i*j J Jal AjL-al 

A-jLaC. Jj ^glill <^Jla all 4j\^r. jiau [mm iAjjIaJI ■ - 1^ i aill (j^s 'Sr- 4 ^ A_J^JJ 

.lie JjUajll AjujoI j ^llijVI dAjlafe jya JjAxJ! (Jjt.u'ij ^jj ' . l±uil| I^J .^llijVi 
. (<Llla./4_a_:jll 4j£jia 1 0 — 5 -lie.) MOI L_acLiaJ (j^s <_]l& jluwi 

<_1*-?J La 4 ( _ s jj JJ^sM (jj_>^"' a ^ L>^ -J^ t — 'V 0 ^ ' . dlaJJ oi& JjjlxSj]! 4jt > >ij (jl V) 

MOI^V 1 

lllbjaj iaa all" (Jailj La^jc. jjall I^A I^JJ '. ^jSjj^yill (jc UMJjl _Jjh • 
CllliiaJI (jc jaitJI]! lAAjc. ^jj Jll AjL-aVI <j^> AcLoi 24 Aau "S^^llLaJI 
i oc-.l , W< ^ jli,ii,<i Jxa c (_J-al jC a^au (jjJjjJI (jc jJlstill Jjllj .4-JjjoiLall 
Jl 4iLiaJ .ojljiJI 4(Ji-LaJI jjr jj£jJj tMOI c5 J^«-il 

Jail) Sf-21 j Sf-9 tpUJ J*lt tLS _^l AjjkJI 5ilii£]l 

^ejl Jc i^IaAL 10 7 Jl_a=> UJ^J ^° (3.3.22 'ijaall 

AjAjtil] Jj-a Cjliajjl jJjjI al jaJiml J LliLii] Jc-I JJ^IjJ ^3/°^"' (j^-aJ 4jl 

p U3l sJkij La^ t (JksJI jjL) 5jL^VI 72-48 J\j* 

(jAJ (JjJaiVI (jj'j^' ^3'°^"' u^''"^ u*'^^ Aiaaj JJ^aJi] (jjAJt-a JjlaJli 

Lj^tiJI Jj ^jjjjjjall Jaj j jLoHjl Jlaoa (jj 4 llauj (jjjj^jjll ^jli aJ 
i -il \l U!)L^ 4jL^j (JitAJ (_jjJI _jA AjjjI^JI A iajail jj 

^-a Llljaj Lj^Ja L-lmllLa AjL^aVI Ji«-a (jj^J tiillil A aJijSj. SF-9 

.(MOI) l^icLiaJ ^jloba 
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CjljJiaJI L£IA Ja jhL jjA CjLaJtLJI 3.3.22 

Commercial products from insect cell lines 

^tliVI 4jj > ^it \\ CllLuo j jjall/dll jjiaJI liMa. La. jjj 

AjjlLo "&!-ia. ^ J.' 1 "'* taajJa (_g jIulo 5jjjoiLall ■ " ll Lu Jjjll (_£jLaull 

(jc. ejjjjiiall JLacVI qa 1.1a. JjJSJI lilLiA lillil .AjjJoII LilaJI La. j3 
CllLuijjjall (j^i JJlseJ (JSIjj ^ aJaj) (J a ■ ^glll t, ^^Jc lllLLaadl 

JSI jj ^id ,-,iSmU". ^ LljiaU J&Vl L>aJI 4t jSlj .BEVS ^^^J! 

LaAj ( Sf-2 1 J Sf-9 ^jujIj 4ij_)3«-o BEVS ""*^ dlt-mj Jjsll JJ.' 1 '" 1 ^ 

Spodoptera ejjia. lie jiinafl t>° U^j^ <jr^' ^£^J' i>° u^-j^ 

i(4aja.Vl AjLija. Sli^aS (j"> ( -*JjaJI ^J- 2 Sjjia. ^^frujiperda 

Sjjj SjJia. jii5 jjxJI 4 High-Five BT1-TN-5B1-4 j Tn-368 LpU. j 

(>> <_£ja.l Ajjla. Ja jJaa. ^Laij i'i<i,lVi»nl La£ .TrichpluSia til 4-uiLfl]1 t-S jaLoll 

Drosophila <J=J -M-p u-° u^jj»-^) SL-3 j SL-2 tCjIjJiaJI 
fjjjtfl cAjjjiU Cjlijjjjj ^-LjJ <J (4.22 Jj^aJI jJajl imelanogaster 

jj£lla (JS^ij (SL-3 j SL-2) 4j_jlaJI lajJaa SI s^A - lalLaiJ . j\ Jj bjj 
.dlljjoLaJI Lj^a. ^ JjLaj ^^Jc (_1 _jiiLJI ^^jjjjjjll J-Uajll Aa.,l<u3 





:4.22 JjJaJI 


dil jjiaJI (jj "j a » 




Spodoptera ^jaJI SJjJ ajiiaJ ji-inall 

frujiperdo 


Sf-9, Sf-21 


Trichoplusia ni kA£& i_s jiLJI Sjj^ s j^ia. 


Tn-365 


Trichoplusia ni <JJs& i_i jiLJI Sjj^ S __>iia. 


High-Five BT1 - 
FN-5B1-4 


Drosophila melanogaster JaJI AjUi 


SL-2, SL-3 
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4iuali2! Sjjill ^Jj .^^Ul cjbiiia. L£laJ (|jlaJI ^LmiWI ejjJ :4.22 Jlill 
(J jjilj £jj J^»* ^1 (|l ^(mitotic) AjkiaJI AjjLkuu^l Cilaluiiftl 

(Gapl) Gl i}Ji\ 4a>l jJI jjL i^luiLJ jljLi 4juJ <> AjlaJI » jjJ uiiLu .AjjiaJI » jj-lJI 

jjL jAj t(S phase) Synthesis fcu*a33t jjKj fe^*^ JJ^ 3 J*J tphase 

J ^ji.^M) jju U jjia j t (Gap 2) G2 phase <jJ&1 4a>l J\ jjhj sDNA _JI 

Aj^IaJI till j*iaJI J CjUJoJI Cj) jjJ 4.22 

Ajla SI (jjj ^aj ^glill lillj ^1 t^jjjliii. ^jAoLuiajl (jjj <L«ala]| ojliall ^^c-i 

t> <jjkJI s jjil afci .(4.22 Jlil! jJail) Cl*^ f^ 1 

jjlallj ijjijj^ill ^jli a3 J_jia _jA J '(Gcipl) Gl JJ^ 3 ^ '• ^'-"^ J j' ^Sj' 

U J ^i.nill a*j U jjL t (Gap2) G2jjia]l j *DNA _J g/i,^ jjL t S 

JaiJI ^Jtjfla ^gJc. Aaliau IjlA 4<cLui 24 ^ Ji. _«A <J_jliJI ojj^ll ^LojV 

^ 4_J^Jj ■ " Ija c Gl (JjVI (_J jJj^aaall Jjiall ^ AjliJI ojjJ j^liu (jl (I&jjc. j 

"CjUJI" jjL j\ t G0j_jia]l 
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I gjjjia J (fijjfiu! 1 g Jalj 4(_£jlaJI ^LuliiVI OJJ^ cs^ ^ • (J^2 (ji W^' l£' 
GO Jjiall <^ *^ ja. jxll (^jaVI LtlaJI <_>a*J (j£aJ 4jl VJ .LpLa-a ^Ja. a a la all 
L-bJajaU La I j] (_£ jlaJI ^Luiaj^l e Jj-i J J J jLu jl (AjjLLalll LMaJI Mia) 

. (t -lull La LJaloui (^l) l—Lut Lall jq-s oil 

<k.^ S-G2 J (iSJ.)''^'^) J jSiuiVI J>la Gl Jjiall J J«J 

4_j| (jja <J iAjjl jjaJI L^LaJI £jl (J """-^ ■ a^l JJ^I) JaJaLill ^LaiSjVI/ j^jll 

>aj cDU .G2 Alaj- jM jjL jjlj t (Sf-9 5*5-) ^1 jiaJ! U^Li. ^ 

(J^aia JJ Laiu tS J_jla]lj Gl J_J^a / j LiMaJI AjI^J jljjJ (AjjJoaJI Ajla SI 

oJja.^&xi]! LjMaJI jljjj < (C *"*■! ■ adll J_aUI ' L^alLa JM_aj . G2 J_ji»]l ^ 
J til_aLu]l li& (_>u£e- iaaM-lj .S J Gl (jjj_ala]l ,j <aia 33 LailJ G2 J>2a]l 
Lj^Li. ^Luifljl ojjJ (jl . (jVI (_ s Ja. Igioilj-i i - LaJ ^A) CjLlJj!i]l L£>la. ia_a]aa, £J-aa. 
L£U. ^Luijl SjjJ (> lljflTj J£\ jJk (Sf-21 j Sf-9 L£Lk ^Lala.j) CjljjSaJ 
tilLiA '(_jJjVI ^ .(jjjlk^aala ^luiijl (^JJ-i j^oJ tliia (j-a CLlLyJoll 

G2 j S i(2n) Gl ^j»>^ll aj^\\ 4jjLu ajL*. ^L^V 2 mUI SjjjII 

4j&Lij 4_ila ^Luijl ojjJ liSliA t^jjljll (J '(j^J i (4n 4jt u^ill 2; AjcUj) 

4Juj^»]I AjjLaj) G2 j S '(4n u^ll ^j.^ll ajcLj) Gl ^jij.^ll XkA^att 

ejSLum jjc. Sf-21 j Sf-9 L£LiJI -la jlaa jj£ ^1 I^A J yuj .(8ll <JsUj-a]| 
Laj-aj f.L±jl ( jjoiallt) ' LjAuultj ^La-liiU 4-uiLuia I a (jl (_gl :Aj_alaJI 4_ialj]| 

J (Polyploidy) A j k^ all U - U ^ll Jj^ia ^1 ta-a jrU>j3l ^ 

La Ajla ^3_a-a] (_3-a*-all ^-aSI (jj all AjcLj) <jjlj]l Aj_alaJI ajj^ll 

dlaj ^L<aLj^)J (_gl ^-a f^^? - SiJ^^^ ^LoiiiVI »JJ-i (=3 (_g _ala £-ala-a jl 

(jS-aJ .^jojIj (jUaj ^^Ic 4jjjoiLaJI dll '/'JJ.'^ (_J!LaV1 ^lillVI ^jil c5-^l ' JO^J J 

.1 lalml J AjjlaJI ^LuiiiVI ojj-i LlilaJI ^3 j-a ^J^aJ (j-ajj ^gjll CllLuiLalLj j»Lall 

LpjjSLu <Aiiaj Ajjaj ^jsj t (Flow cytometry) (S jlaJI t-iLu^VI 2y<a" 

.(5.22 Jiillj 5.22 s jSill >j|) UaV 
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(;2<4n)/<;i(4n> 


Gl 

A 




A 3 




A A 1 


/ A 


1 










/W \ 


M 




DNA ,> ^jia-JI 


DNA <> |_g/i-> a ]l 






M 



(i) Ci) 4jla> ^1 1 <A it SjjJi i-jLiuuVI <Lu& <Lkul jj 1 _ y a>jj^j JjI^j '5-22 Ji^JI 

LiU A-lu^L .aJjiia LiU DNA _il ^jja-a (jaLi ^ (j 1±a (u) CiLuJj Ajli. j 
Jjjj iS jjJall UJaj t(n2 <Ju*al\ Aju*al\ <jJJj) Gl jjlail ^j^l M-aSJI Jl»3 tCjLuJ^I 
3-^11 Jiua idl^isJI L£U l«i .(n4 AJL^I AjLu^l <^Lj) G2 jjM AjjIjII «US1! 
yie AjjIjII 4^aJI Jjj Ulu ;S jjM Ujsu t (n2 4JLi*all 4*^1 ^Lu) Gl jjkfl ^jVI 
AJuuall AJLuail 4jJUj Ajli j>Luilj| SjjJ (j* (n4 Ajli^JI ^cLj) G2 J^Ijj 

AjLu^l Aj&Lj j»LuiAjl »JJ J (l) - ( n 8 4jt;ififl Auuall Gl j^akll £^ 

4Aj£la (jj^J V Laiic. jl j-a <J^J Lo^jfc 'Ajxjj 

^^pj dua Gl cJjVI 4_aJj]l JJ^ 3 <c^ l — 'W- 1 ^' ' J.<ii'-n.a lK^J - 1 

plax a ,j 2 ^ ^jjqball 1 "'^.'J (jj^ a J*,'.'^**^ ij^ JJ^I ^_J'' ""'J O* 3 /^' CjljLaE. 

L-lLajuijV! ^^Jc a J Jill sjili jj£j La£ jIjaIuAj jjlSlil 4jj£la AjjjiaJI Ajlaill dlLlLttC. 
^tJj 4JI (J^Li. (j^J dlj-aJ jl L£)liJI s^i (j^-aJ lillil . ^LjiiVI *JJ^ (j- 4 

.(Programmed cell death (PCD)) ^jlaJ Cj J (Apoptosis) 

^c^s^iaSI jlajl dlj-al! ^1 4^ jlaJI Cll j^l] <Ul*il! AjIVLj l3^*^! ^ ■ - 

Igj CsUlI J j^. ciiLa jkxlli tcjljjouJI LjiLi. ^1 <j.uu]Ij jSJj (Apoptosis) 

,j liljiuu 4 g St AaajjII LiiLaJ! j Sf-9 (Jj-« ^ 1 '-*"* .' (jl f*^"^^ '^ijls 

(JSjill L^jl^aij cAjlaJI (jiLa^jl - 1 <3J j^ill 4^L^s^>xall (_JjlaJI Cllj^ll Cjlii-alj^i '— » J 
jijLa jj^ll i_aaSjj c^^g^JjC. ^1 "plj Axa j^iUj^jV I A^iiill ^liiijlj 4^ JJ^' 
CjlijjS Cll^Jal 4(_J^>abl A^Sl (ja .DNA SI (ja 'sJAa-a *l3^' aJaa^Jj < ( jj*.' 1 — ^) 
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Sf-Lj^-iJI (2)1 tUiLiJI ^jlj- 0 l>° yj/'^ j"? " ^2jjjIa (^jjj 'ojj-" *^^p-Slj (J^uJI 

i '< 1 ujJ dl jjLaJ Aja. jj-aj JJC. £t-a^)Xa (_£ jla. Cj j^s AjLat Jjj^la (2^- ^-uLa 9 

I " il j Vo", A\ ^Uiil j 4s| i_a2)lsu ' jjSLall (2jijLa JJ^il ' 1AX ■ a JaljJj! j 4ol jill ( J,.' ■ 

a JjIaaSI Cjlik^all s^A .l&LuiJ .DNA SI ^ sJAa-a JJC. e.l_)a.V (J-C- ' J 

LlilaJI IgJ _^aJ AjxJilall ^Ajixl] CLijxl) AjLaC t^Ajjlui Cjj^s a&j jj^'"'^ 

4 S£ a jA (j! JJ^SI Lj^-^ Ac j_^a (c^ ^c-ojjaI! (_J jliJI Cj _jaSI (2jj 4 JJa g SI Axajjll 
.(_£jjaJI gjiaSI ( 2> a cJ^Ss e-UaC (_gJjj '*JJ^-° '"'I J^" 1 "- JjSJ La UlLc. A i -> 

Jj^aSIj CjLjAi-all <LO j la aJ (jLia.YI 1 ; iS&l £^a^>xa]l (_JjliJ Cj j^JI I^A (Jlla JaijjJ 
JJ jC ia.1 ljLjc. jl JjI jjoiII 2j<j'Kj> jc. aaiil! jl^a-VI AiLjaVLi tJjta^plSI 

jKll CjjaHj ^aJI (Jxl _j*JI -li Wi ' a \q 1 a j/i^ J \iVn (_J^)SJ . j^ill 

.LiUJI Acljj (_pLi Lpl jiitj ' ; liaJ (2jS-aJ ( " Ua j ^°jJxll 

Flow cytometry j jiill <_iUujyi lhM* 5.22 




4 »J> j*iil i— ifrLua* 



1 »Ji>lN l—i&lJoo <~-lJ^j| 



"Lajii jjfr IjiLaJI jai .(5^I& uUuuVI ^» ^ -" ^ -J* * '6-22 Jl>uJI 

Aj^sLai AjjIJj f^uait i (j^laj . (jjJJjIjj ail f^uait f M^*, ,.l ^jj jjjlil ^bui 

<Laj^ t_aljiJVI t>a AajJ 90 ■IjC' <Luli AjjIJjj ^Ljuiiil "") ^ j l um (_>uij (2>a^<a 

lilllaj ^jll k SjjJila uLfrLuia (j& jjjiaJl f jjJail A^jJ 90 Luaji (J - ^ l- 4 ^ -JJ^I 
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4jLkj Ajiai (Flow cytometry) ^jlaJ t^L^I ^Ija 

4jj3 Ajjaj Igij '"'J - *- '4-ijl J^-^ L^laJI ^J'j- 0 4-uiljJ ^ ' "'"'^ a (J^iJ U' JP 
dldjjiLaH v j' «a]| ~l lalut j^^A 3 (j 4 " £J J iJ^-^J 4-ijlaJI llll* ala alt > q i . , — i _gHl 

- ^ ^jjj tjjJ ^Ijuoi JDLa. (j-a o^jiia L£)laJI ^aJ .(6.22 (J^-»-^l J^"') 

(Forward angle light scatter) (FALS) 

. (4_}laJI) »j ■ na SI ^a a <jc Ajjj aJ dlLa _cLoa ^ SaaU (jl (j^-aJ _&& j ^IjuoJI (~ U , „ ^) 

^ULa (Right angle light scatter) (RALS) 3-ajta ajjI Jj Lai 

(jc dlLa _ai*-aJ LjJj jj _a& J jjjlll 4^3^ CP" l - sl^ajVI (j-a 4a. j.} 90 4jjl j ^JE- 

- j i tall ^j-jlij <il]j£ . Li^LaJI a^l f.jiJa\\ jLu^jl ajl ■ jl L£ilaJI AjjJja 
iAjjla.— ^jla.j/(Ja.b Jalijjl ^Sl j>s iillLaJ ^^jll tajjliiLa dllc-1 J * ri (jc. j^L^all 

.<a.jj 90 ^Jjlj -ijt 









\ 


I 









p Lit jjfr £jj <Ula. JajJ j) ££-*J V "JT^ .'J*'." * UiiiU 4jala^ LilaJI JJ-a^ j! 

lilllaj j _ J j]( ,-,l<r-.K,^U .1 U", „l (jLaj dJjJ .J^l£ JSJuJ JlxSj ajL ■■ ( ^J^j1lui 

JjJjjI Jia) ajL ^jlaJI flwidl jjjC 1 *< *J V (jSJj '4jjia. Jib JaLjj) j5l>a 

Ajla B Ci_a^> ^Jl 
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I^j jj*11I (Real-time) l$l j — iiiSj <J ajjI^JI S jjjII je CiLa jkJU 

jlaSl) j-aill l§J#Sj *jJaJI A^cli (>j '(5.22 jSiB jlaSl) LjL^J 
oj^Lva LiLiJI jj2 (j^-aJ 4_jl iLiA ag alt j .oJjAiAll AjliJI jIulo ^^le (7.22 
(JaJ (j-a oj^jflia Li>Li. (jJ^ jl Ljia ^JjjLj ala a ujc (j£-aJ 1 " Ua j 1 g hlaj AxJ 

dliaalo jl < jlja all l—J_yo»Lall (jjjjjill ^IjjY '4j3jI .il J-a javluit La Ijl 

Aic j£-aj ta Jjl&a 4 j 'L)£ jjjII lift (J-aC c-l ja. j^s Liijj 

jal .(^jli Jai. (_$V (_£jjjJajll £l/sL)jj1I AjILuS JJj£ (J^-"»J jj'S lAjllxll AjaAjjVI 
(jSjjdj <jla ll ^Luifljl fiJJJ lIj^*' ^ (j? jJ^JI 1— iLljaijVI Jjjl jla (j« JJJxll lIlo laJj J 

c33342 lib ujA 4jjj a J-^a) DNA SI oLaj Aj&jj oj_jiiLa I " ll &1 J i a - i iU talc 

aIajaII LiUJI *-a (UjJC. j t (DAPI) Jj^jj Jjjji-2-jilAtal ^LlJ-4'6 4-i.J.^a j 

jjjaj j eJjaio LiLaJ DNA SI (j-a 1 la all (_g j"'^ alt (JjAjS (_L>I jx e j ~y adl 

Cjlxj.^3 -I laJluil j ^ g J yj a CjLa jl»-a (Jj ■ aa It I ■ aj| (j^aJ .(_gjlaJI aLjSjYI J>^> 

<aJLt all JXJ lillij (a jJJJJjjjII Jjljjjl Ajuj^a ilj^s) Ajjjjll (_paLaa.YL) 4_j^aj^aiia 

.(5.22 JLill jlal) RNase RNA _J ^ ajjjL 

LjJ ^cjjj La^i 1 ^ a JjJJxall eLixlLl (_J jjll CLlLjajSa LivLi. jiaa. JaLaj 
f.Lic. (jjAj ^a.1 jjj (jl AjlaJl (j^-aJ V .<-aa.l!Lall l^JJJJ £-a ^lajjVI J J -' a ' JjJI 

itSlljl .Ajlc-lilt (_LjI£ j ^ajLii ( ^j^LljlLuJ 

Ajjii. (Ji.lj JaLlJjl ^Sl _a-a cjllj aJ ^gjll 'ajjlaLall dllfct li all -I laliuil (j^-aJ 
(^jjjjjjjjll jjIjjjI -J^"'^ (5 jiaJI »Ljul1I JJJC 1 g j£ aj V (j^J 'OJJa-a 

JJjil j» jJJJJj^jII jjIjjjI A*Jj aJ Ajla 11 (jjJJ (jl iU^iLiJI j-aj AjLlal (jjjL}La£ 
jj-aljjj !)Hu i(_Jji.l ( - i t li at lajjjil j^-aJ .(7.22 (JSjoJI ^>Iajl J Ajla 11 dlj-a 
(jS-aJ jJa. 'Ijjjj (AjjJsjVI) <jll*ill (JJiLal j£ljJjJJ-a jll j' aa.) 123 
(_JjiaJI dlj-all jjc. Lai AjiaJI dlj-a ^ilil Jlajjjll jjJJj£l Ajuj^a al jaliuil 

. jj^Jjll (JvLa. j-a jl g-a^H-all 
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JjIjjJI :8.22 JiiJI 

l| JJ^-a <|Jjjai J&lia J (i) 



AjjaaJ) AaLaaJ) iLajft ^fl CjIjUcI 6.22 

Bioprocess engineering considerations 
Cell culture techniques 4*1 jj cjLj&i 1.6.22 

jL^j <r £l jaJ U^U lM cr* -(9.22 j 8.22 jkjl 

jl SlixJt Ajti^ll £jl jx jl ^jl j-a <J Laj L£UJI (jxi jJC. jilt jjAA ^jj 

4j_jlaJI Acljjll <Lal*JI 5.(_5jLi*ll (j-a ^jA»JI l^jlc (jjflaJJ jj taj-alui^H ^jl^" 0 ^ 
dlljjuoaJI LpLa. (j-a J£ tajaJI dllSIa fl\l ^ .((jjjjLuill J - jiail) 

LpLi (jj^ £-a 'IjJJ-a jjfLfa 20j 5 (JJJ ^jl JJJ ,ji»SJ LjJJ^ CjIjjJjIIj 
LpLaJI Ja jiaa. (J^aau iaJ*J .(JjoLLJI ^^JeVI .laJ J] Ljj3 jpSl CjljAaJI 

(jl (j^-aJ (_jill _a-ali] ^iajoi ^1 ^liiaJj Igjl (_gl i^^jai^a jj t _ s Jc 
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i^OM i^jJaJI (JclLall jl-^ (jj^J (jt ^JT'W j ^ ' ■' ^ " 

^'j; 7- a (J-al_aa. jl t(8.22 (J^xill _>iaj') T (jj'j^ * <Jll\__jSjJ1 jLj-a. Cllla.La.j 

.(6.6.22 SjSillj 5.22 Jj^JI 

lillj £ja I— i "j^ j),a aa a j£Ll j^j 4_a.Lum 4_i jg all (J,al_aaJI (j-^j-j 

j" alt ^lja_J tdlYLaJI £J-aa. j-i 'j^J -(g^ a Vt c5 jlaJI j-ajll j»Uaj L& jijj j^jll 
^ajj . jtia "II gliall I g »_;''■ LiilaJI (JaJ jj^s Jjli-a j ^aia-a ^Uaj (jJ-atj 

^Jjj ^gja, Ai-^ JaujJ (^JO 1 ^) ^ <S °-'°'*' "' JW^ 3 (j** ^J-^-*-^ L5^ C ' a k»«l ^ all 

4jX J£ t((_£ jlaJI kklt p jj ( _ r lfc .LaJju li* j) 10 5 X 4 ^1 ja. 

jl Ajj^a-all <_Lil_aaJI (_jlc- »jSJ ^aclj gJam ^1 ^llaj ,_gjll Lj^LaJI ^ gjllm .Liijaii 
. LiiLaJI a i^i^-i^- (_sA£ J-W O"^-" 1 ' <— sJIS a U, „l j . Jjjj.lll^<La.l_a. jll g Lu ^^Ic 
(Jla. ^»jjjl 'tly^J^' f^3^ ' "I ■ -J L£/LaAl ^ta.U (jJ^>aj) JJ^- cJV' L>*J * i^llil 

(j£-aJ • 4j1c adlj ^ill ^Jajaill jc (JL-aiiYI ( _ 5 lc Ll^LaJI s-IcLuia! till! '/'J J.'^ 
AlUll O.AA u$ (j^lj 4C-lc-jll ^jjauU I i iaj JaijjJ (jl (jjla-a _JAJJ ^^ill L£/LaJl 

AjlaC «.ljjl cL£)LaJ1 la_ttJaa I j£-aJ I ftj iaa Jjj^L j)C. 4ljg i aj Igjlljlj I 3^ o3 j£-aJ 
.^jjl Aj^Ij ^^la. (Jj^aj aj£sl AjjC-j-all AjjjaJI AjlUiillj laaiaj jl tAjluiuiill j_jj*ll 
CllljAi-all 4Aj1I aljj ill jl jjaJI jl a jjiiaJI (Ja.lj J J^-J ^J^-^' s ^ cJ" 

j3jj jl c_laj ^La._)ll Lj^-aJI si* Acl jj ^jc. tiillil .Ajjx^II 'ijj^ll jl^a. j)-a 
^3^)11 j '^^ • '— I Laltj 4sjl^)aJI <a.jj^ <LLa^i <jjLjjj3 Jaj^jij CjLi^i-a jajII Ajjj 
(_^^1 S^_aa._aAll tSljjl (jjjj^ll JJjoiSI ^IjJ jja i nSVl j^ (JS jjSjjj ' J J M 

.<ua jeilt (jjl£ll 

_aA Lj^LaJI o J!La <cl jj ^ 5-a^aJjouill _a-ajll JaLoijV (JJS-ill ' . 'J^ J*^ (jj 

Aj^j^aaJLall Clll£jjaill Jala aAj jjt_o JaLuijVl o AgJ 1 " ll 3 1 jll j iiajii-a j^u 
JaLoijI ^ jj| .Aj^Lall (jjaaJ LiLii-l ^jJaaJ Uia 'p_J^ ialjJ jl ^lHjJ 

^ lia jJ^lA j^JJ ^ ' *' * iS'^ iSJ)'^ (JjjLuiI CS^" l-yjSJ 

tAjllaVl (_paLaa.VI J t jj^ jJill j>-a A£. _alla CjLi«£ ^^Jc l^jljaa.1 ^gic j 1 t jja t la ■ a 
(jj^J La Lille. _aA j _a-aj Ja»ji j J£ <l!Lal ^»JJ .(_£^)i.l _4aJ J-al jCj '"'I lidljjall j 
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iaxuj Ijl A i al ■*> ( jJaaIj jlitJI 4_iio ( al ■ aj ■ - Ija iJJa^ LpU.Iai <J 1 aJLo 

<j£aJ 4jV <li}-aVI (_>aLaa.VI <>a Jj£1 dS$2j 'Clty-ii L£U. 

i_s£j-a£j 4iUal] I ■ ajl (j£lj 4 (jja. j jllill ia33 (jjiil <-al^iiuil 

(jj^jjllill ^ (_>aaj ^gJj ■Sjil ^3 tillijj .(^Uill J' ailt CS^ - ^ slLu 

Jjoic. _a& ( j ; Lalj_jixi]9 

oJ_j^_ja!I _a«ajll <_J-alj£. L_S^«J V La-lic 4-t.aLa »^)J L "*.'J '^j'j^ f^i 
j\ jiJ! (J _aa£- ^ LJle-j) ^.ilt (J- -»■» (j-a <jLa£ AiLkiaj 4^ _J_)JI JaLoijI ^ 

<J^sl jC. (j-a j > ^il V. jliilj _a-aj]l iajj j (Jib-axil I Jjjj .JaLj o^J (Igji^l 
l_Jaj j»_aaj dlSjll (_>uij f-la^jll AjjI^II aj-lLall 1 ■ aJ) ^jjy3 (j_a&.3j AijaLa _4AJ 

.AjA^JI (JlLa 4 la Lall JJC. AjjjjjJall (j-lla-all 

lie .g-aiiuiyi ^^C-La-llI (j^aj-all ■ -Uuball (J-oLxJI ClljjJjjJIj (HIV <AuijSa1! 

4^1 jja. J^l Cjli (Bovine spongiform encephalopathy BSE 4 jliVl 

j^II ■ 111 aJLLalt a! jllu jjc. LgJ ^Igjll - Iallm<all (jLoijV' 4jL-aj Ig-jl^ a] (jli 

JaLuijI jJ_alaJ ^^aj (JjlLall ^gij iLli-ljJj L_sl.l&V <La.lijjauill _0Aill 

aJajl ^ ASjjjla JJ&J oJa«-a j-aj JaLoi jl ~1 lalluil j 4jaij^aJI lillj ^-a (J' a all 

a , a | A. \\j ^lliVI (jlj dlLaJbc alt (jl La£ tl^jl^lj 1 ; '» i all (j-a ^ j ■ aJ 

jjc. ^ajl) (Jxl jC AiLia] .Ijjiau ^ J i aJ 4jjajj j gUlall ^l^jluiV 

.^jLla.VI L_lifrl ^ ^ail (j-al 4ij^>a<-a 

Ua-a U!>LiJI aaJ ^'j''-^ 11 J^*-!' J' ij' C5^j J^J^ ^ ■ <ajl tilljA 

^JJ jJSlI a! j^-all ^jJjaJI CL>lcliall ^ CjlcUall ^La^jl j ".^K'^Vfl" ^ j3 ^jC-Ai 
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4.6.22 Cjljaall .J^"') Laj3 J' L^ 4 ^? Ajuia^tluui ^j' «al J-all .LjjLl^aJ 

^Sjll (jli tlAajJaSlI -U. ^ i 2 aA^luixll jJjljt-alLl (jlaJJ Laj3 Lai .(5.6.22 J 
£SJ (<La laQ?l AjAaC. Ajjj) till jjiaJI Lj^Li. Ja jlaiJ i -Luillall pH ^g-jja. JjAM-^' 
6.7 CJ^ U 1 "' ^ (J^! 3 'LjjJjII Lila, Ja _jlaaj' LxlIij t6.4 j 6 J a ail (jxjJa 
e -^'i,„JI ^jkJI JaaJI I ■ ai Uo.la_! ,glll ( _ S £L«]I ojljaJI CjL>jJ jl La£ .7.9j 

(jjj £ai Ljjl (jja. ^ tAjjlo "Li.jj 38j 36 (jjj diLyiill LlJLx (_g^3 ^jIjjj 

4 4ja.j j-ajll AjlS^II 4-lLaC. (j^iiiuU .tllljjoiaJI t-L/La. (_£.}] 4jJJ-a 4-a- 30j 25 

10 6 x 5 J\j* Jl i jsill 0 1a J^U ^Upll LSLkJI j£ J3 lUj di^ f y 

.(10.22 J&SM jJa!) JyLL JS1 

jA dlLyJoll U>La.j illljjjiaj LiLa. jJJ ^g-uiLuVI ^g-kJajVI (jjall (j) 

(^lll CiUjii]! Ll>U. (j-a (j£xl\ J*A iaxu j ,J lactate CjL^UI ^Ijj 

1 lll^)juta SI l-L>La. (jli ' A - laSj all ^jl j^ll ^ ^ 1 <aia \ a lllljSV/ jjSjlfe Almlj Jy-aJJ 
jj£ _jlkJI jj-a a j)t 1 ^1 VJ .IuiSIjj V j tA 1 iaia LajjSt jftj ■ lluS^I 11 ^£1 jjj 

^ jM Cjt&UI gas V Sf-9 L£Lii .C02 ojiJ^ ^ ^ Jl 
Jjkj j^lal ^Sj .(50-40 mm) j_<£ jlill <> ^I^jI j^jj -^j^j ^ 

j^aJ u ^ SjjJl ^lHaJ Upl Sf-9 l£UJI iaiJ <^Vl ((jLjjaJI) L^ln^l 

.aUS TCA JiX 
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jUI Ji^j ajLc. JlJU. t> (Pyrovate) cjla jjjJ j_£ jliil Jjj^j 
<J^ t>) TCA iJ&jiA jjAill! o^a. Sjjj ,^5 Ua*j ^ t(Gylcolysis) 

jLulsJI ( ATP ClllLujall CS^^ LWJ_A!- ! y' <j"° J^' t — 'W*^ ^^"j 

liplfrlml (jjS ,-3 ■ ■ UjoiII jl malt li* ^jiiajJ . CjIj£>L1I AIxi ^jjj ^l^&A^iUI 

^ cjl^a 8 6 ^sic-l 2 g SI aj^j^i Ll>UJI JjS ^ jjr '"^y 1 

^gJcl '.1 1 hi j Q£*Au£k jjk j Cjla.Lna.1 £-a j^JJ ^ill (jjajoiS^U Sf-9 Ll^Li. Ja _aiai. 

7-16 jjj £ jl jjj jj^l j?j (High- five) <-iAa -cs^a L£Lk ^ CjI^UI £\Jn 
L£U. (j^i JS1 < SaAJI cAj£>UI jjjU laijjj ja diiJil .451*^11 j^JI mm 

.2-a W). i) all L£>liJI till! jni~.ll j LllLuJolt 

^-jl^a ^jfl <La\^J| < -)l >.V)^ ja.1 £tii-a (=A Lljj-aVI (j) 

iJlAjj-iill L)vLi. A ;i ill i n — . (_>^lj t"unj\ l—ll \jula SI L^Li. jl La£ .<jjl_aiaJI 

(> oi*J! t Uj*i J^U Ljj^yi L^a ^1 JL V Sf-9 l£U jla .Luj^l 

.Jajui j\) ^JakjUjuoMj (jxaljjiliAl 

^g j i uu ^^ifr cjliijjjJI ^^uj 2.6.22 

Large-scale protein production 

ioJ 4jai£ jjj 8000 -r-y aj^j^JI cai&Uxll sjia ^p^. 

La ji.yi 1 (g i >it 1 (jl j±a, ^ tjjxull ( _ S JJ (jyi CjI-nVuSI i_>ia3U J_a*-aj ^-o '<j^J 
I - la J i al ^La-^VI o^A J-^- 0 (jj^ '"SJJ^^>"^' Mj^^' t>° *J^y ^i^J-ail (=a Jl j 
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Jc JLyLlI cjbiijjJI ^-l^V CjI LMa. L^JjiS Jl jj V .JSjl 20000 

(jja. J tjlJ 1 0 — 5 J& dlljjla all J <La.laJiuba!l AjjJaJI CjvtclLaJI 
t— lli a ^1 i^jJ V tiillj £-aj 4 C.1 3 ■ all J jj£l jl IjliS 60 fA^aJ - laluij 
l (JjSLaiall J < j jfLj i ii dlljjiaJI UvLi pljj-* CjLaaia Jt t_ll3all (jl jlajc!>U 

. j i ala II ddjll J CLlLuJoll LlJLv £jl Jc Aia JSI 

i - la jII g-oljjj J ajja.^! Alaj^ll Sjlc. ^lliVI /j fijLjjll AjLaC JilaJ 

Jc- ClljJiaJI j 1 -iLjJ !uSI Lj^a. (j^s AjjjiLall dllaJiia]! ^lii oJ Jl La-o JJ^jiadllj 

ClULaC dll _»Jaa SI (j<s ■^■^ £ - (J'*"" 'Axa jJ^>aJI 4 aJajVt (_>u£e. Jc- j jluio 

<j* L£UJ! Jalj t^LjI^JI J .CjI j II j CiLuiill LiU* l£ J 

■iSj -(8.22 (JSjill Jiil) CSJ^J^ J' *jl Jjjlj-i Ac-jja J] ijfij i " * 3x.jj-a 

(Jxl jaJ p jl j-al cJ VW all <iii^)ail! (Ja.1 j^ LmLml (ajlj.lll JjjIj-iSI) *J^-^' a 

ajljJjl (J_jlj-^l o^A '^J^^y^ fr?^? J <J^ - ^aajuU I g ialj '^..J^f 

lA jja. iaAj I " Ua J Aila-a j I J i aJ Lilian liljaj t Jc-YI (j-a AjS^ lilj^jaj dll j-lh S.ljj-a 
Jl LluJLaJI La-lic jlia.YI i_yaxi J . JJaj (JJJ-^I J*3 JjjS liSjjajll J 

tillfrLui^II p jjll -2au j j^s (Jjls L^j L)!^ a a jSIj (Ja.1 (jx AlAi. Jajjj 

4 JjliaSI ^ .Aj^a. (jxs _axull jjaaJjj AjjjjjJa 'ij^)ia (Jxl jt t _^lc ^joaj (_jill 
AjAo jl <LaLu> ' - 1^ i Liajl L^ll^Laiall iajai jll I^A ,_g j'X ; Jjl (j^aJ 

LiiLaJI si* J lalml liS^s-a (jj^J t^j£j^ll J^lall AJaj-uljj l-^ljj 1 . laj t^l^Jj 
ajLlj JxLc. (jl Lajj .(8.22 J*Sni\l jJail) cS JcLLall gjfl^ tSlIj aJ jSixll 

( Uj . , a ^ jjc. (g^j 3 JJ UJ-^i ' ^ >^ 7*3^ J l3^)J^ L>° I^L^I ^^V' 

Ajli ^) %20 Aj-uOJ ^lIL -I ^'«...| ^1 t 5:l Ajjj V J^a n\\ Jl 

-■^ Jt Jj i aa St (Ja.1 (j« ^lii^l »^Lj Cllljlaa. jx JJC Jl Aa.la. tdLiA jj^i 
ClUilSI pjl>a (j* -I lalj ^aa tjLLVI liA Jj ttilliS .t-JjiiaJI Llj^ I 

j]| te j<i"lm^1l ^Jf^Jy^J ^JJ^ ■^•^11 jSI (j* iJlll-l<i£ Ujj2 ' al i aJ jll ' A » Uo". ^11 
jj£j dua. tlaiuba A^a (J-^*-^ __yHuiJ> (J£-u'u Aj^aJI iajoijSI j^a dlLvaS Ljj3 ' °t i aJ 
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(jt (jja-u^YJ (<_><aaj) <LOj.la~a jl c _ s -a^J! JaJJJjllj 4_laijj^]l (J£L.a,<i]l Jc ' ■ 

dllau a JlflS t4 -s . I . hjiil A la jAj la-all CjLl.lx«a3lj a ■ all Aj^ull jjjia 
^ijjlall J l^lmt ^ glial] Jc-t jjSIjjj (jIlLLa J£l Lj^-i. 1 0 ? Jl ^Jj^ 

.ALlLall AjtialLal! gllYI AjlxaJ AjjlLs 

ojj2 (Jj^ 3 ".' ^ c\ J i ail J <L)jC.^a jjc. dltjLaaJI oi& (jl '"'J^ ^..''J^J^ 

^Jc Jl Jj_&]a3l dlSjll lAA L£A3» Lj' <j^M ' ^ ' ' ],n ~* LS^~ <-5 J-a ^) 4^1 

(jj ■j^J'^J"" JJ^^lj jl tlljljjl Jai- <ei Jjj L£^iJI JajJai. jljslJ 

Ig^ttLuiajl j Ll!)LiJI j-aj ellil Ji UjoVitt t <c.| jA e j,<ili,a,ft]l 4_}La*ll Jc (JJ-iatjll 

t jl gjoi^a <_£>Li. (j-aj Lj£jj\£.LQ (_£jJaJI Jclial! i^yu^a lA_^lj^l 
Jaxu_j]l AiLial ^JJ La£ .AjJ j^a (JjS La CllLaj-alL) jl j£j-all .iJalL) jl i4ija-a 
jjia £tiia JWLlj) c^Laball iajjo jJI 4j3 Jl jj ^jll CjSjII J (AliaJI) JL1I 

(JjI*j AjjI^. CjliljS <L^iali (J^lw jaI .(JIjj L-bjl d^L-kaa ^1 jl 

e • 7 

(j« Cllj-a JjixJ j!£J gjlalj JJ^IjJ J] AiL-bVLl ijililLa J£3 10 X 3 Jl ja. 

(j '-— » j (jli ttilli ^-aj a . U'q-i A\ p^j^l! ("iljUr. 4 U,„lj^ (Jj^j!i]l ^^ill (iilj 
.4ij7> n\\ L_aLJVI jl SjljJI CiLa-ii^a]l till jlj jl jliuul ■ CliAaj (_J£Lia]l 

O^-sSfl Js. ljM j Jffl 3.6.22 
Mass transfer and O2 demand 

1.1 mmol 1" ^1 J^) >a^l iaLujji Jla AijajJall AjaJJI JJLslJI J!>LsJV1 
JSAj AjaLiaj ^La. iilLlA liUil 35 «Jj^ ^ 33 mg l" 1 J 

- 1 7 * ; ' 

1 0 (JLi-all (illij ^jAa ■ 1 \jJ j£J <J jLujJ-o Clll-LaS A^L^j 
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qa JjIL cJat cjljjiaJI L£li jjS £-a '"Sj^ <J^ ajjIjJI <J mol 10 16 

dll VuaaJl Ll)L^ jli c4_jL^a!/U I g i ^i^ytj Axj t(_£^)i.l A^a. j)-a . CAjj-iill b^-a. 
Ailj£ cJj-°J 'L^jLaJjl (_gjtli.iLoll (Jc jj^- i aSyi Jl 1 La JSjuij 1 1— SC-LiaJJ 

10^ 5 jUal (j-aj^a Liljaj lilJjj I Afrjl a jj£j jV jJCjill (_J j i o53l LivlaJI 

(jjjjj Jc- elii^ll Aai-lllj Ac-ljjll A_ij£j J laJluil j£Jj ijliLLa J£J A-ila.X 
^jlaui Jjliaj jl . jllLLa (JS1 Alia. 10 Jl ja> JJ Lj^LkJI Ailj£ Cll-llj (J jli.ii.a3l 
jA Aja&a jj£j ■ . ua j CAjJ-iill L£iLa. ^jj o^JC. j£-aJ 3 all jj-^ ' 

g J i tal3 lillj Ijft buS Lai i%60 Jj 40 (JJJ ^j'jijj lS^ 3 ' ^4* ClljjiaJI Ipla. 

£-a A g Jl uS a ill! j . — » 11 LivLa. 
(AjL^VI J*J La Ala.J-a Ljja Laj) AcljJI 4jUr. OJj3 Jl jla (_Lal£ <_J^iij I frlljtj 
J.Lill JlStfiM J^ tjill j±a uiSVI JLajjl Jja-a A jj 

.(aM JlSiil) JL&VI a£j^I s jSllj • kla L£AaJl 

oj!ixj]l Ailia J-la-a Jajjjla Jc iaS3 £7fl! aI&JI Jliijl J-aljL-a ialsu 
jya ( Jjlibttll^ A-jfLul^-Lall A*il.l3l JDLa. (j-a ^ jjl ^Uaj Jc 3 ala a]l 4 £ j AjC jill 
A^Law/jj^JI ^aji. [VS= (wm/60)] Jc-LLall iJ A}-.Ui*\\ *\ <CJjj j A^a. 
4iUa (jj^J (jl ■ ; laJ liilijj .^ji.1 A^ja. (j-a [^jJaJI Jc-lLall ^gj^a^xJI ^JaLall 
jjjLaLl] (jjlj2l£ < d » ""'7- a Sjjj^aJ Vs AjaJajaJI «.l _a^JI Acjjai j £ j 4jC_jill oj!i*JI 
ajlA <-aJ3 3j lau3 5_aj!iUI C£}Ajuo1\ jj .^Jjjj^all A:7a S h<\l JLaljl J^U-a 
(jj^}i.l (jJilLu j£j \;° ail (j^J '1^* ^ ^^l £a.lj-a ^3 o^)2j!La tliLala-a]! 

(jVI (jJa. 1 gjlc. Jjj^aaJI (jS-aJ ^gj]! 4j_aliJI Clllalji]lj (3l«JJ La43 cLa^Jjl iLiA 

3JjS1I JlSSil JxsU-a ^LjILij ' jjr ■■■ < V I 4ja.LaJI jli i^jlaall JLuixll Jc 

CjuLmU AjjlLa dljjiaJI j CjLuJoJI L^Lk (— it j*aa a <lLa. ^J 1.1a. (j ^'^ ' a j&klct 
4X>t*JI J;lij V (^jLoJI Jj^aall) iill^a-all jliii.1 jl tLa^jjlj j .Aj-ajJ^)aJI Jj^aaull 

AjaJauJI *.| Ac-jjoij £ t Ajc jjll oJixJI AaUaj kla 2\'<\l JUjjl J^Ln-a jjj 
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0.1»jij liL^aall jj^s (_J jluiall li& L$^!& lift > ~r^J^i V 4jl 4^J-ial (j-o .VS 

djja^l £fr ^ tr^ 1 ^ 1 4.6.22 
Impact of mechanical stress arising from agitation 

2 ;<;•.! <..« 2Ui|J j^hj LjUJJ r U^T. l^jl S&SSaST 

si* cdija^ll Jajj*i ^jjj tUjjii .(0.01 W kg" 1 Jl ji. 

Jc J**JI elsl pH Jja-jj^ll pSjll 

2 Jaj| JLa^y 1— )V jl^ttjl j-a Aj^aJI i^gjJaUl jjSlI j-a CjUnjLaj]! J^La. tiilliA 
4 4ij^a]| l-sLJYIj i^^-AjaJI J' aill _>iajl) Jl^&gJI i« 1 ^Uaj JiLa 4(_£jaJ 

liljA*]! (jxj .(^clj ~U,„ J| ^liaj Jill LlAjJI (JaJ JjLuiaII ^>xall (jljj-ij 

2_uH& (jlj AjS lill-La (iSl^Ja^U Ix^aJ jjjLiiall (jjall lift jl jVI 

*oJj j-a ^ual ja.1 j a a,W n\) j»Uail 3-i jj^. dl!>lc-lLa ^ ^"i 1 n'i Ajfrl L all i"<lj]flT]| 

1 - ll ia^ a ; 'aJ jj^a]l (_pal ja^VI tllli AjjJaJ! dLylc-lLall <J_j^!i]lj i^jj-v'W Ajj-uLjia. 
-j ^ , ^."Ul Jj, ^.^ 11 (J^| jj^ Jij Jsis tA^LajJ^aJI lj!>LiJlj AjjlLa 
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£f (j-o .lie Aj^.jj-ai]l Ajjjj^J! j-l<aaJllt dlLLaC- (JijoU 

L^LaJ ^ i ^ «Wj ClsUavLkj aJljj-all 3 aJ a£ll AjjjaJI Civile ILall I " ' a i "I 

(jli iiiili £-aj ..Ia.1 jll ^Ije jl£ll ialj 0.01(4-iijjj) ^?-J-i (>> ^ CjLuJdll 

^flhrll ^Liall LpU. j iAiia^JI j»l JjVI L£Lk iX-a) tllLylill Ll>U. (j* LuJ j ILL 
i Jj^, (_J£juU ^cJJJj J"''"'"' ((CHO) ^ Sj i alt jlioi-al^ll (_ya±l* Ll^I^j i4_Lajjll 
(jj -I J^-j^^ Ja! j 0.2 (J-^Lu £f ^ -^C- J^-ii ^5jJa JJC. (j-a j-* 

S^Llj (j^sjlui ' J J^ jV^ LIj 0.2 0.01 (j-a tiiljjaJill a jjj ^ o-iL^t 

Liajl tlbaJ .13 j .£7 <2 Al&ll Jl£iil JxsLva ^ l_ aUjJal Ajobai. ^1 4jujl J-lLu 
. J jc. jl£ll -LI j 0.25 ^gii. J ■ aJ £ T ajS .lie Sf-9 till jJiaJ L£Li. Aj-ali 
£-a (8.22 (J^-"-^ _)Jajl) ojl c3J^J^ LS^ t^lLuil '(j^ J 

Cllj^. 4jil£-al ' . Ifmj L£/LiJI 0.I3J J i rr. i j! (j£-aJ lilj jU ■ 111 11 Livli. 
0.2 ^l Jj"^ ^^^-j *j5 (j^-a-all (j-a . (_pa_&aJI j*3 j ia!)LiJI (jJJ I " 'I SI Sla I 

<jal£ CjLjJju-a ^gJc. Jjj-aaJI all llll^aa alt ^jluio (^^-J ' at jejIjSll ial j 

tf.1 jgJI CjlelaS JLk.il (jj^J ^jj^ iaLujV (_£jl*JI ^JajLull (jjaLja^VI L&j L>° 

f.l_aA -I laJL "I J Ll>lkll ^^Icl CjliUiS J j- aaJt (j^-aJ La£ if. I _agJI £tj^a (jj^J (_$l 

4jl CljSt jJill '(JJS^ll l— lfc!)till at laJ i at J LlvLaJI S j3 ,_>ulaj jl (jS-aJ 

. LmLuil (jiaj Ua<a (a o ojjj^ajjj sl^ j!i£l l£j_)a>J J aaJJ (jl LliLiJI (jl£-alj 

i—lLuujVI I— it 3 dllilJjjJ -I l^luiij AjIaJI ILa o3a liL^pJill CjLjIjJ CllJ^aLl J3j 

jJai! t JU1I •iKia.VI iiili CjUilJI ^1 Iki, L^k Jlkj La Lll£ ^1) ^l^ill 

La.^'ir- Ig-ilc- Jjj^asJI aj ( _ 5 j1I lilldl A § jl uS a ^cjtiill ' lua (^jLuill J^aall 

4(^Jl£ja>VI ^ ' aiklo CjUiloll ajoil Ljjlfc (jliaj La jl) Ajjja.a3t ClLtil^ll CllaA^ljil 
4jjja^a Ajjjli. ClilclLall I i a jj ^ tAcLlI (j^i ^Jl»JI (jj .(^jLaill Jj^aall ^)]ajl 
oiij Jjjjj (jjc-Jj l_jll j La tdll^juoa II j dlLjJjult L!)i^ ^-a -I laAui^l 1 4 i aj a 
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Jj jjAl JJj ^1 liSliA ja. jj V iiilli £-a '^^V 1 3 ■ j « CjUiljJ Cllj.aa.JI 
4JLL ^Lail Jfr 4jjlLaJt <_£jaj Lajjc- Aiiia. ebVI j"'^"' CjlxSljll soA jl 

.£ j ojjaJt 

F68 tikjjjjL ^hmH jjjjil Jj>» ^Ijiiuilj (jjlj^l j-uail jj! 5.6.22 
Impact of sparging and the use of pluronic F68 

^Lj^a ^jjj^all j-a n 1 ■ aj (AjjlaJI Actjjll AjlaE. ^a -^Jjjl 
(AjL^aVI J*J La <Sa.j« J ■ 111 jjjia SI LliLi. jjc Aj^ala.) £^ jjSI -Ixuij (Ja.lj ojxuLl-a 
(J-^ Lait jjajoiSVI j^JJ j-° l_1jC-ja]I (_5j!LouJI Je laal - all j'a.l j-a liBjj 
jLaijl ' ■ Ifmj ja. (J^jJij 4q\r all Ll^laJI 4j (jiajaJJ ^S^SiAa L_slj (_jl jj 

AjjLui Ajf^ljjj Aa.J<aj £t-atjj dj^Jal jal .Ja-uijll ^Jajj jjc 
10^) ^^ c - 1 g JJ' «aj ^JCji ^J^*^ ^Lla dlV^*-a J _ja. j ajailall Cjlclsal] 
(j-a iJUjJai ojxj jj£I laAj .CjlelaaSL) 4iaijj* (^JC- j\j^ -Jalj 10 5 
jT.i^aVI ClletsaJI jl 1 ■ ai 4a.iaiSI j^ SaJ La£ .cdljajlL) 2UyjA\ ClVaa-all 
Clsl-jl^a-V j^ajjUJ LlvlaJI jti JUSbj 4 jj£I £j AjtC jj oji*J 4iUa CllVaa-a LaU 

. Cslellall sAgj 2°. alia djl£ La |j| laa. 4-Jlc. 

<> dllij tLj^UJS cUUJI oSiSI liA Jjjj (Pluronic F68) F68 4^jjjL 

I * Ua j Jajjjll t _ 5 aJajjJI JJjiSI (j^ajaaj j CjlclaAll j LlvlaJI jll i adit £Xa (JjJjia 
j£aJ (lilli Jj AiLjaVLl .Ajxj^aj-alt Cjl jjl$a.V I ooA Jla L£UJ1 jl*J V 
Aj.uiT.Ij 4a.Lajj| (jjjjia jc- ^ _jlj^ "M- 4 ^ f»-^J (j' F68 tijj jjJaSJ 
Ja. F68 liSjjjjjii Jjajj JjJaSl t_)£.uu ^iijj jam tl^JJjSJ j ■ lit jjuia St 

^tjJa Jj Aa.la. liSLiA jj^J V Laaic- 
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i_s3j ^gjujjjll i_i±ui3l ^ ajaiiall dlclaaJI jjl tL&ljjj e.La. Jal 

iAjJ jajlJI SjjJ^JI lIivLc-LLJI j Ajjl _&gJI i aall -1 laHmt 1.1a. I jilla tLl^LaJI 

(_J£Liall ■ ■ Ifuijj 'Liajl ."4qjT > >t <-*H<"U.I" dllj Clivlc.lia ^>ii*J IgiV 

Ajjja. Cllilclla ^iklaiJ La [At (tdjjaall o-lljj ^151 <llala]l 4£jia]l 

La-ljc ^gja. ti—Sj^Iall oi& CiaJ (j^j . t—ll-lui^yU A aJala ■ " 'I la^ a j oJjJ^o 

.(-JcL^a ^ ■ ■ J vjj o JJ-a jsASj V (,_jl_i>.iijVI ajaia 

The use of microcarriers ^jj^JI J^ljaJI ^l^ilwil 6.6.22 

t 4lLua]l ^ jl_>all £-a ^IMI 1 g '< aj V Ajjl jJaJ LilaJ Ja jiaa. (jx Jj^aJI (j! 
<J-aljaJI (jj .(5.22 (Jj.laJI ^>lajl) ^JJC 3 " (_Wja. LjiL aaoll j jAii La Lilt j 

j 2mrn ^ j'j-^) ^L^aJj (Jl^^l cJt'i cjLiAuia. ^ all 

Ja Lxui AaLoui 1 g aJ OH (JJjia <jc "LAe Ajjla. CjIsIj£ ^Ci 1 g IS aj (100(1111 
^gjfc ojjlS (jgj .^clj ^ciajji ^gJj ^llaj ^^ill L£>laJI _axu (_JaJ <j-a «LaajJa 

_a-ajll iajuj (jc L£)laJ] Ijfmj lI^-" 1 lL^ 3 U^°^J d 1 "'^ 3 "'" "S^^Jy 3 CS^" -^^aJI 

^iajail jjc 5Jj^j-uJ L£ilaJI a!\ j)\ (jS^uill ^ (j* Aj.i.uL>.hV I aKjouJI (j^lj 
L!laJ! (jl^aaj oAA LpLaJI <SI jl (jaljJJ Clua. ttiLjaall uijij Ajjfra all cLjI jaJI 
'-— » j ojjjS^I dlLaLuball Cjli **JJ^ 3 J- 0 ' _jaJI t>°JJ .Aja.l!ijVI ^tilLj tAjaJI 
^JauiVI f^C- j-aj]l j dlLaLj-a]! oAA (jljlia.! LpLaJl (j^! *— 'j 3 LilaJJ AjLaaJI 
^a- 3 UJ^J ij^ ' . 'f-' '* j^*^' 0 ^ L>* iS J' » (Ja.1 (j-aj t(j^lj .Ajla.1^11 

_a& ^JJg a all J-al jail ^^Ic. A&ljjjll (j-a ^^joiLjVI ' ° II (jli ciillil .l^-ic- l-^J»J 



885 



j] .liLjaall (jc- 4_nLu]l Cllljiitill <jj.ll <_£ jji^aS 4jjli. ^gJc J j' aa 



jaJ fj^ 3 " CS^ 1 ^ laSI a til Aj3l£ t*LjaJ S j3 t^C- elLVI j£-aJ 
c_alj l&-lie J' aaj ,^11 tSllj j-a Jal £ T 4_lC-jj »J^*J ^iUa lie ^JJgf 

4jjjia (^-Aj-JI Jj^aill jiajl) cs - ^" 1 t ~ <-^3^J J^A^J iUvLiJ 

<^La, tilLiA jj^J ^3 j . lilljaall aJja. (5 jja. (JclLa (Jjj^a j]l j£-aJ ' "'J^ 

4-lLaC. C±il£ La lij tlivLLll lilj ■ ;-lfuL3 J3 jJSJt tiilljaall j-a ^gic-l Cllljiui* ^gJj 
< _ 5 ]c (_U«JI .lie A . ■»> ^j-v U, „\l Aj^j]| l&J^ 3 (j*- - U-'?'..'' "^J^ .' AOJ^' 

.AjIIc Ajjli. ^gJj A^La. lilljA jj£i Laiic. jl £xJ j (JjUoj 

AjjUuSil j Mjjbjjiil kLul\ 7.6.22 
physical and chemical environment 

~ ; ■ A 1 aia J a liLjaJi Acjjjj .lie ClljjataJI j CjLjjJjII Ij^La. ^JJJ La-lie 

^IjjVI A a iklubalt "LjjJaJI Cll!ilc.lLi]l ^ iajujll (jjiilaj ^^Jc- JaliaJ ■ -U ■ all j^s 

Uaikiaj Jauojil 1 °j» . >i l£jjaj ^^-istj (jjiiLaall (_><asj iJ^ '°JJ"^J •£ J - U lj (jLlaj i _ s Jc 

f^Jr" (J^M* jW-? 1 U''^-" ^-^J^ ^° u'JT' jj.1i$JI (^.J^ lAJ^ J^" 

j' all CjlijJj£ ' al ■ eaJ .lie j t ^-^jjl^jxJl (j« LlljS ^ 11a jj-ll^J! 

(JclLaJI CjliiLlI jj£j (lillil ^^/'"'J .Jajjjll ^Jajoi Aic 3M Jj^jJJ 

dlaj t glla. jj 1^ 11 j»3^)ll ^-"^ UJ^ cs^l '-5- i _^J j3^" J^" L5 

. J££ iajai_all » ■ 11a H ^ 1 g \a /ill ^gJci Jojui j]l Jaiji 

jjjj Ac I iajj jj Aj^a jj LliLi jJjJlj Clbala Ajjfi-a CllLuil jj Cjj^Jal 

^3jll 4_aj3 1 - ua t^Jjl jA 1 111 a ■ a«aj (jJ-ijj-a (jJJj±i-a (jjjjja. (jjlclLa 

4£jiJ (_>aj*JJ La-lic U!>UJI jl t9 jl 8 ja.Vlj 7.3 LaA^a.V ''^ JJ^SI 
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<Lal& o-iLj iiJLl& (jj^J '^-O^ u'-'f J J (^J t — ^)JC. 4 alalia AjjjIj 

^jj^JI ^ jll i^Uja]l lUUJU jjjJSJI jj .(%30 j=) Lj^l Oj- ^ 

V] SAjjJaJI ClLyltlLaJI (JjiuaU 4 a i '--I j o jj-a (j-a li& 4 IS kfjj La £-a ^ jja j j ij* il 

.Ijft J' aaj La IjjL) Ajl 

£Xa <UxJ 4 i^qVl.n 4j_agJ Cj^Ax-a ^llV'unI t_lSlj& .la.1 ^j* 
(_g j]l (Ji-LaJ! (jjjj£]l lluiS jl jcjliJ J ala all ^»£l LjvLaJI iaJJjJ ^il! 

M a-lj a U^Lk jl .(J3UI Ja-.jll ij-ac ■ . lluij 4 aa i <ail dll^aa ait J' "-^J 
(jl Ljjl£ at J 4j^)±a-a AjjJa. ClL^lelLa 4£jjj-a]l (CHO) Jj ' j"l ubaLj SI 

(j-a %18 CS"^) cJ^ *'"^ CS"^ t>° ^-^*-a jjSljJ (_L>aJJ 

AjjjaJI CllilclLaJI ^ dli **XI (jJi. ^ t((Ja*io]l (jjJJ^ll ,lii.i£jl ^j-jlij ^LuiYJ 
(jjjj^ll AujiSjI ^liij ^LiiiVI (j-a %14 ^J-i -ijc ^ iafba CjIjjjIj ^ajaJI ojjj^II 
AjajSl j[lmVI j Jajoijll ^fl ^£ljia]l (j_aJj£]l jLLuXj ^jLj (J.l»-a Jjlll j all 

ip.lj^JI £CjJa tAjaJajoJI 4j_a£jll) lall (j-ja i XVI JySjJ Jj^aJ 4-a^iiaiA]l 
jjl jj (Jja^j Aala. tSlLiA tiilli] .( jliJI Ja.ie (J jjr c<^j^' ^" ' ^ J 

"'J^- jjJj^JI j^B^I Jafi-iaj jjjJ^XJI \liXI <_gjlj Ail jjj ' (jja i XVI j ^jjjj]| jjj 
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Plant Cell Biotechnology 

Robert Verpoorte Jjjj^jA <Ijjjjj 

Leiden University, The Netherlands l^jJjA c^JjJ 3jl«U. 

Hens J. G. ten Hoopen OjjA £j £ <_h4** 

Delft University of Technology, tJiJjA tLiA^jjSjlI diiLj 
The Netherlands 

Introduction <U.jjuJI 1.23 

L-iLllVlj tojLa*J! -ll j-al jIumS j i jjslsej Ajic-l£ I g "I l^luil J 'i.lpE. j 4£. _jiLa 
< jjLLaiK) A aauJall (AjjUaJ^I CjI£ja1I) CjLjLaJ^ll j t^joU&l 4Xili^> ^i) 
AjjjiaJI Clllilfallj tdlljjjaaJlj t lllL$£lall£ 1 AiiS^llj (iaUa-a]lj t jjllxsVI J 

tSjjj^JI Ajlaill fjSi £-aj .Ig-^tijj ;jj 1 _aj jLa. La£ tig-La all llll a^jiajl j 

. Jla^all liA dslajjll Lag-a ISJlA CAjLill ClaJ^al 

(Jj^jooII ^^Ic oj^flll I^J<a AjjJ^JI ClAjliill 4jlaj idl SjfiaJ frfr* 4 ? (JjjLjoI (jl 

^^a. ajjUj <Al J£ jl Jj£jijll LS lc Sj^all ^p^jj .(Totipotency) 

(j-a t;jj£j (jl ' ; laJ AjIc. j tCllLnll L_ajUaj aa S 4_a_pUI 4jjIj_j1I ClsLajla-a]! 

.^Jd^ (j-a <Lal£ Alii U.M ^ai]| ^Jc. ojjlij tl-llAll 
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jau ^UiAVI (Agrobiotechnology) ^jcljjll AjjjaJ <jtsjJI ^ ^Jjj 

4 kjSj all dllL oil JJjij jl lgj|«.Ua£- u.iVi ^jl I i^J La£ i (Jj uala^aS CjIjLuII 
^jjll 4i)LjIuiYI jei AjJjlaill AjjLxall HiJ^ ^ r»U^ tlfi^i J •W^J C ' J^f 

(2>« _jj| _JO^ w ' ajJ^J Ajj-uLuiI 'iljl AjjLuII A i hjVI 4x.I jj Igja dla-l> al 

Sjiia J^la. <* i ajl alLall CjIjLuII jr^j ^-^j 'JtH-* lK-^ cAjLuII 

^Ic. j_^a cAjLuII (jjiuiaj (j 4ila j^ll (_$ ja.YI aaluLuiVI 'il-iVI Lai ^-^-O 
(jt jjj*j31 tAlLJI si* (^a .(Molecular Biology) yAij^ 1 

. (<L)jC.jxj) o-^J-ia. > " ll q i ^ jl ^ *'■"■»■ a dllL^a CjIjLuII ^ !a«J Lax, til jBL) 1 " ll jja SI 
tLjjIjj <l^x-a]l) a JJ^ ail CllljLj]! (j^ <J^ cJj' J_^° 'e-L!ax!l (j-imaJ (Ja.1 (jx3 

Jxa. La* 4(jjaJI Jal jaL jjjxjII ^ic jisil (Genetically Modefied (GM) 

(JjAxj (_pLi (j-o t!)liL43 .(_palj^VI J Cjl£>U <LajlLa jl i—lLuiC^U "LajlLa Lai CjljLnll 

j»Lu jij jjj jAj 4(BT-tixin) BT jivi jsill jjaJI Jta^L cAjLuII * jiia. 
dtjLull s^a ciiaa^l t Bacillus thuringeinsis Lji&j ,J .1*1 jjj jJiail Jla 

^1 lilLiA flJ jl 4<UiuiYI (j-a AjAxJI Cjliniajil si* CjjLjl Jal .ClljjiaJS "LajtLa 

Lul j j 4j^3t-a]l ClljUill oiis lilil^L-uLl J jjall till^LuLajt Aa^al j C ll JJ-a 

j-i sjJJ^ ** i i'K'i'iI < ^ iii .. Lax t(J j^ll (jx -IjAxll j-i A-ala all qa I g h£3 ^jj ^alj i(GM) 

.AjcI jjll (Jj. al a all jjjlai AjLaC 

^Jj AjjoiilLl <LajJal jll AaLwa alt 4 ajSlI Cllli <J& jj]l dllL aJl (_pa*J JJ;lij (j] 
eJjAa. (jljll jJjJaj ^Laj]| (_jx ^c.j]Li i4jjju^ajj£l q j^j ■ a ijll^Lai all 

.^| J liS^LjluiVI ^^Ic jiaa. ^1 Jaj53 V Lpl *-Ua. tjUjSfl ji Aijjll CjIjLuI 
^g-i.iLjJ^)]! c_a^JI tAa i all o <C-jIj-a '"'I ^IJJ j^ill ' " ll 'Jf H cJ^- 1 ^ 

jjaJI Ja.i (fiiJI "jcJAill" JjVl J^aJj .AjfrljjJI <JjJiJI Ajlajll 

o^A \±La A ■ aj ^cljll (jLk^)JI iA (jJxlljal ^jjail ^jl) adll (jc Jjjjoball 
J^aJ (jillj tA (jJ-aLua jjx ^^Icl ^-iLia£ (jVI jjVI I^A t— Ija i4jjlLall 
,s^a.j JjVl ^jic- ialstj (JJ^ll JlilaVI ^5^1 (j- 0 *^' dVLa. «JjAj 
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:J!la tl ^jV. (_L«JI L$ JP^ 1 " 1 a t^fc' '■ J «La iVu naSI dlljLul] j 

L> jAj ijjjil j jjJjL-JI jrlSjJ J J (Lignin) t^iiill 

ClAjjLaJ^JI ^tij] J L£ljJ 4JJ«-tjl Cjljllill JjJ (jC- ji.1 VliLa ojUjcI (j£-aJ 
LJLa. J a SI 4_a.jjj3 4Ai3.lSI CjLjjLaJ^SI ^T^L (jW'n Lu3 Lai a ^ , 

.Ajjjl£ \ g "I lalml -*j i ' "'I '^j" 

4 l-i ml _jj AAjS^ll CjljjLaji]! ^lli] Jj <±iLli!l LpLiJJ <JJJ*JI -liLajJI 
J CjIjLuII f I i afc) jl Ll^LaJ ^jlj-a 1^* - ' J •'SiJ^"^ 4jjlii]| (jjjljall 

f 1 la» SI (jjiuiaj (_J^.I (j^i AjjIjjSI S ■ a SI al laJL-jl Jj 4iL-iaj iAj_4ia. CivlclLa 

.o.}jjaiia]l ■ 111 aliall 

jtLuV AiLjlaS ^Jj^ AjUlill Jfr J' aa]| lift J j^ji" 

f.^5jlall AjIjc. A^jja 4 4jc.|j^11 AjjjaJI SjlailLi (JjIsjj . Aajfl-lil CjIjjLa£1I 

. Jjyoill 11a A^jdJI <JLjaVI CjUljSlI 4-ajl3 Jl 

Plant cell biotechnology ^jjU^I L^Llll Ajj^J) kl&2l 2.23 

jlajl) <LajaSI 4-lSle- dAj£j-a]l (j-a J1*J jAk^aJI ClAjllill <_jj 

oiA Jla ^Ijj] ^ ^L<uaVI cLijIjI i_jLujI liSLv* j .(<11<6U 1.23 Jj^?JI 

IAjjJ^JI Ajlajll (jjjja (jfr ' " ll all 

i( jULVl <J! ^^Jj^ u-°) ^-h^ lA • 

^^j^J dija iAj^JI J (_g jAaJI L_l£j-a]l jA» ojj jll CjIjLuII jAi • 

SLj-iJal jSjl JLoda.1 JjL La-a Jal jab UjJ«-ai. 

Lo L_SjJa J (_£_aiaJl (_l£j-a]l jl^a J£joiJ jll dlljliiSI • 
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a jALa. ' i aJ jl Jj3 s^C- (Jill jjjjo ^Jl l^-=J_ixa.l j JjAijj Cllljllill j-aj 

^Jtt ^tiia jJjlaJ (JaJ (j-o ^jL^ (J^- 1 -^ ^^jVI 4jl^r. laf. «a AavLaJI 

'good manufacturing practice S-iiaJ ajjuI^I a^jUJI) 

.(GMP 





.t&" . .. > , Jp AJiUVI / umj : 1 21 * 1 s^aJl 


1 ,-,U,,L-;th , •',V/„.-;.„V7 






V lIlUld-oLlllC (J-jl-ljalV*i l U3 


^) ^ * *^ 


\/ 1 n n c 1 1 n i"» , 1 i|"i.,h .C *, >q 
V llldlMlllC ^^ULuLj^) ^> 


f JJ' 


Camntothecin f'umiS elwl^ 




Podophyllotoxin _jlLs jJijj 




Taxol (paclitaxel) (Ji.^l nKi) J 




Quinine uAjjS 




Artimisinin (jrn.manj 




Quinidine u^hjjS 




Digoxin j^s- 3 




Morphine oPjy 




Codeine uyljj£ 




-^Tetrahydrocannabinol 


(Alzheimer) j-yU jll (_>a 


Galanthamine 




Colchicine 



892 



Hyoscyamine o^L^ jja 
Scopolamine (j^V^jl^ 
Caffeine uyal£ 

jjJaxJI j '"<lf tl 

Vanillin Qjliili 

Capsaicin j^LujlS 
Essential oils aj jjJ^ 
Menthol J 

Glucosinolates >i^j£ 

Sjj . i*. tl , -,l yj - tl 

Azadirachtin jjjSIjjjI jVI 
Pyrethrins oUjJLijjJ 

Anthraquinones dljjijjSI Jul 

Naphthoquinones (shikonin) 

Anthocyanins cijLiijLi^ 

Indigo jij^j) 

Cocaine oyl£ j^l 
Nicotine jlfjll 
Shikonin j^jli^l 
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.(S jjllill dllill (i_ivLsjjail) L>« oAc AxaA^I till j CllLaoiall Jjiij 

£-jilU AjL«aLaJI AjjJaj^l CjjLjiaII tiilj Aju dltjliill (_£.ll (_£ jjUill (_pajVI <-_sj*jj 
A_iLa*j A also all t^llj ^jjiilj tAjjjjj jjj Jijlall Jclillli AiaJJ J^llj <^jl^l 

1 i ajj ^>lajl) 4.ii.iLjj^)31 Ajla SI dllj jS-a fclii aol A-ljuiLm a 1 AilLuill ll ll .'^J"^ U^-°" 

Plant cell and tissue culture k**J$\ 4*1 jjj AjjLill 4-jiaJI 1.2.23 

^La. jll llltiljjll 4^ uij) j La^iLi. £ jj Ja.1 (j* J jfraJI J jl Clljj jSl 
.l*Jj .ale 100 (j-a JJ^I -^-o (AJ^ji-o A_ia.La.j Aje. jl ■ 111 jilt Aj-ajj 

A i -'V j<aj Jjl ^jjS^j (j^-aJ iLal& 50 ^l^^ .lLa Ajjliill dlU L_sLjoj£I 

Ai«l£ll Ajjlnll A^jjuYI £jl>a ^-ul^- 0 ] ^J- 2 ] ^ A*j aj .iaa .^Lsjj <— itjbjlt 
ilAjLill jjia. £jl jji pLijj ,J J jVI J i* j tAljiill dibjUaj^ll jrlisy 

^ AjLuiJJj Aajjla aol Aiillill ^7- mjVI Ac-ljj CjjjiaJ tl&AaJ .1954 al& 
lillij Alalia 4£jJj (jUaj ^^Ift jU jVl J <jjjll l-ltjlij (yn Jj^lU (JjAllI J^V 
Lilla. lillijj .(j^alj-aVI (j-a AjlLiJIj Ljjljj A_uijlaJlall Cllljllill qa AIjIj Aje-jj 

ale (JS ^clij ■ lAa tA_Wol AjjLaJill A\j&1 1i tall Ajjj^JI Ajlajll Cjlaiilaj jj£l 

.ASJ^lall o-l^-J llAjliill jj-a (j;H>Lall dllla 

Plant secondary metabolism <| jjIjII dUill <jii 2.2.23 

s-lcLuii ^^jll Aj_jjlj]l I "'1 ilSlmxll i^ya AjualaJI AjC._aAa a ,j ^"'"J 

(jjj • - i oJ j <Lc_&ila ^Jo ' " ll ;<j all o^A A la-la all Ajjjj i—i jjia ^ «.lajll c^ c ' 

^llall jLc. 

Ajj^a all CjUjI£11 j CjljAaJI i^a pli^ll (J j (Uliiiij jU jVl tjl jll) 

(el JS.uu (Phytoanticipins cjlb jjjUII Jj-*) AjjjUill i * il jISj ■ - all 

(Phytoalexins cl^AA jiilill Jla) <_sjaj Cil iV^..^ jl tcjli jVl 
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I i aj jl CAjLuII ^ ^j^)a. Cllj-la. (jjilaJ .la-J iafl2 glii 

Uilo dslj Ig-La % 80 Jlja- t < j, T ,.'.'^ 150000 ' jVI t5 Ja. ^J*J .4jj$a_a 

Aijjj^j jjYI :«.Uj jLa^j 4 » ■ .aj (j^s 1 " ll .'^J all a^A AjjIIc. (jjiuij 

jjjjLijjJI Jjiiall i^jj i(C 5 ujjj^ o***) (Isoprenoid) 

J^ji) Acetate cjlii^Vl s^a-jj <(C 9 jj^£ Phenylpropanoid 

(1.23 (JSjjJ!) (J;''j°^ ^ili oj jLuia jj AjjxaVI (_paLaa.Vlj (C2 OJiJ^ 

Ha jjc ( _ S K1I jjjj^ll (j-a %30 _ 20 l^- 2 ^ ' 

<■ Lignans cAjUijllI j jjiauffl {j±i ^jl jjj \c jUa cA Jl j jL jAj t jLuball 
.(ajjUj ^U^1) Anthocyanins cAiAm* jiiYI j Flavonoids cJii±> j&Ull j 

J^ll) C5 ujfj^ CjI^j (>i Terpenoids CjljjjiujjJI LS i£ 

cjliujpj^iajuJt j t(C 5 x 2) Monoterpenes aj.}L*.V! Cjliujill tSJU^i .(1.23 
t(C 5 x 4) Diterpenes ajjUjII ^liyj^l j '(C 5 x 3) Sesquiterpenes 
(C 5 x 6) Triterpenes cAiijjill j Steroids Cjl-ijjjiLJ j 

cjjaj CjIjUjII ^^i. jjjji.^JI (C 5 x 8) Carotenoids t-il^jjiij jj^ 1 j 
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t!>lla 4 11a j jL ijjjiUjjj Jjiiill jLuui ^-a jaUjajlbj .(Polyketides) 
Aic. <jc.Lik-£a CiU£^a (^j (C2 dil^j cllIj + C9 o^j) ciil jjj ja!)Ull JjS uS 

^a (^11 t(Alkaloids) CjljjjKfcU AilL« CiLS^a ^a iiiuiSV 

4jjia-a]l 4 1 njl alLall JJC- dll ala ll Jja.jJ Jy-aJJ (AjjLiill dll aHj all j-a ^Ia ■ aii a 

.-Jj^l > 

■ - Ija j S4j_ajl!i]l ■ - 11 ml i - ail j-a 4_alii-a _jj| ^_lc (sjlc. i ClAjLiill (_^jlaj 



(j^i Clllla Jc. (_5jiaJ 4 _ s j1I 4jji«JI dl Jlj$ <JL° '<J^^>-a ^Ij)^ Aa.ljJJ (j\ja.VI 
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.4jjiJI Clll j it .','11 JiLa 4 i ^i, ^>V'm LvLa. 
(La ja. itlbaJ ^1 ^ ClljLull ^1 jjl (j-a %15 ^1 ja. -Iaa3 

jjaaj ^jluLfl i _ s Ja. l^iuiljj Cluj t _ s jll JaSS bj-i-a Aills 5Jaj (Ala. (J^-*-^ 



r p-AmnotxcBOHt Folate 



Ljgnfc 



I MMaMi 



prvcurtort r ™ 



SULyiSl - - - ^ Chon»ma» — ► Piephenale -»> L-Phwyhtaiin. »- Orian^ie 



L Tyro«n» BMMm 



"A.Acndone 



/I 
/ I 
/ I 
/ I 

/ ♦ 

f Phyloqumonet 



.- k,.jf-,.,f.--v MM 



MM rate mM 



boqunairw i caui 
afcafcxdt T 

CMMriN 



L-Tr 



Anhraqunones ^ 



Ubiquinones 



rooophM I 



\ I PlMtO- 

\ i qumonet 

■MCtnh \ I ^ 

Chkxophyl^ \ 1 \ 
v \ I \ 
Cafotenoidi — Phyiene ^ „\ I \ 

Diteipenee — GGPP ^ V 
(•.Q. gttieralnt) ^ 

Praoylafcd FPP 

Sapornie* ^ protons ' \ 



Indole afcytanwws 
VctrtMinM 



I 
I 
I 
I 



Ml 
DtMPF 



Pf 



Phynmrob "Squalen. * ^ V ^ 

SmquMT»nM Dofchd 
(•.gtbKwciad) 



1 1 IHMMMI 



(GAP Pyr) 



CiLuIluJI jLuu tdljLuIl ■*■! ;«'....» ^Uulml jljLuw :1.23 J^JI 

.terpenoid jj^iuj^l jLuuj shikimate 



896 



^SUil Ajjlill (iLjjSj 3.23 

Plant cell - culture technique 

Initiating a cell culture AjjlaJ Is. jjA f Lijj 1.3.23 

Cy | jj* 1 13 ^ * ™ ^ aa ^ ^- £ - jj -0 cs^" <J j' 33 SI ^ 

^Jc 1 ^ t i >i j aj (Ajjill Ll)L^ (Jiiaj ■ . lWlJl (jjJ j-a '-lia. tj£.i,'^u 1 g "/"-"'j AiiiSI (j^s 

.SjjULa jjc Ll)U. j> Ajj£-a (Lump) jl (Callus) SilA '(Explants) 

i Ajlgjll _i 1 g Ll i j c jt > ^il ^Ja2 oLuiaJI £jlaaj Jili. <j-aj ■ 1 ■ 1 1 n 

' ja'uiiall j^ll ^ (Erlenmeyer) 4jL j ji-a j jl jj j-a^a JjLuj Jajj j 

j^-aJ 4 °\t <i\I L£ilaJI oi& (J!La . j-aj]l Jjia /^S L£ylaJI j-a (jla-a ^gJc (Jj ■ SI 
4jjLu]I jaaII CjU j-ajA (j-a 4 > jj jLilkUj iAjjJ^JI dl^lclLall ,j 1 frli&l j j 

■ - Ija jj-a .4iJja]l oi& L_y£jj] l*JJ AijLij ^Jj3 jl JJ^?- t^*- Lai U J' aaJI (j^-aJ 
JJjlaJ (jl J-^^} 3 ilAaC Lai S4iii (_^l (j« Ajjla. ^jl j-a ^^Jc (Jj ■ SI j£-aJ il-l^all 
(j-a Aj_jii. ^_jl j-a jJjlaJ j<a JJJ^J (J^-*-^ CjljlliSI (j <ai » j j-a ^jlj-a 

(jja V «uli t(Totipotency) Jj^SjJI ^ Sj^SI l^a t_u«uj .ja.VI V -^ t j 

' (JJ ' 83 SI -"'J i a dlVUiJI £J-a^ '.Acjja^ pLoijl aJ Aliill (jxs ^ja>. (^1 tj-o 

(jl j^-aJ jLli.VI (J^aa J ,j . IjjI jj AjaijLaJLa j ts jjLa!La JJC. Ll!iLi i _ s Jc tLllli^ 
aS ^^ill ' 111 aJUaSI j'-— » j Ifljl jya J j^/l j^ji^l j^Li. <& j jxill ^3 ^.1 jJJ 
I . Ifmjj lilSIS CllLaJllall sAA o q"'-s"' (Acjj^ll ajS«J (^^S Ajsj Laj2 j^-lj (Allill ^ 
VJ AjjlaJI 4£-J>aJI (J CllLajiall J£JSj ■ .'^j*J V Ajlfl tl^A "ajSliit" jjjIj 

. J^joil 9 — 6 -^Lj "J''"" 1 cs^" cJj ' 031 SI 

Media g_jjil LL-ji 2.3.23 

CjUlLuiaaJI ^ ^7- mjVI ^jj JaLuijI j AjjLuJI Lj^LiJI Cjjjia Jal 
l_lj£ljj LJLi. 4_a ii all JaLuj^l a Saa " A^JXJ . ^jJaLaJI jj^l j-a CjLjjjiluill j 
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j (Murashige and Skong (MS) U-iiaJ JaL«jVI o^a J&\ j 
Linsmaier and Skoog j '(2.23 Jj^?JI jM) iGamborg B5 (B5) 
(_>aU Jiij MS .kuojJI ^iVi.njj .Schenk and Hildebrand (SH)j '(LS) 

aa i alt jji^aUxJI j jj^alixJI AjIc (jllaJ ^" ^jj^' j' t-jJtSS 

** jj ' " r - 1 bj ^^A j 1 (' llLjaSlI 4 aa i <a j AilSJ lllaK jJjoUj) 

** -'J ' ^^-jj^- 0 i^Z- ^J_^' ■iaLu'jl L$J^-* 5il*-a] . j-oill aCl] AjjjjjJa 

^jjaj ttllL£ qa ilxXA\ dlfc j) ,oa.oll o^A i_ uU. Jli .l^J9 oJja.j^]l 
<*<! M.XjNfl l^aAl MahA. ^ j^j dAj_axs^A ' al i iaJ 'IjJaJ ^'j' ail JjiLajll ^^Ic 

(Cytokinins) ^UiijS (jjiaJI JSjii jjaai oiiia) (Auxins) 

,£JjjjJI LiLaJI al mail _jiaj I (jl '"'J^ '3.23 (Jj-^?-^ _)]ajl 

to.l.la-a Clll ^tli) ■ ■ lliaJJ La£ .4_ill!La sjjj^aJ j-aill J_pi 1 g cJ l$j 4 i 

" * « ^ 

lillj ' J-ailt JaLai jl ^ Ajjjiail is*^ t ~ s zP ^^j^ iSj^J J"'^ 

Characterstics of plant cells Lj^l cjli^l^* 3.3.23 

Ljj^l! l^Uj CjULuII \£k±l A+jJy\ cAL^\ 4.23 
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jaj!) ljU j^jA £ jlu .AjjLj b^Lk j^aj jaLujI ^ifr jVlia :2.23 Jj^^l 






it l^V J *V» i'sa 4_uLu]| 






Gamborg B5 


Murashige and 








4 jjASI CiL Jamil 




1 650 


NH .NO, 


134 






2 500 


1 900 




150 


440 




250 


370 


lvlgoW4. / 1 1 2 w 




170 


JVii2-r v^4 


150 




1>I aii2-T W4.ii2v-' 














0.75 


0.83 


KT 


3 


6.2 


H,RO, 

1 1 ; I ) V ' ; 




22.3 


iviiioi^'4.H-jn2v>' 


10 




IVlllo ^4. ii-2v^' 


2 


8.6 


7n^C\* 7H-.D 
z_/iik5v^4. / ri2*~' 


0.25 


0.25 




0.025 


0.025 


CuS0 4 .5H 2 0 


0.025 


0.025 


CoCl 2 .6H 2 0 


27.8 


27.8 


FeS0 4 .7H 2 0 


37.3 


37.3 


Na 2 EDTA.2H 2 0 














100 


100 


Myo- J j^* 
inositol 
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100 


0.5 


Nicotinic acid 


1 


0.5 


JT yllLlUAlllCllV^l 


1 
1 


U.J 


Thiamine.HCl 




2 


Glycine o^P^ 














20 000 


30 000 





^1 laJL nVI A*jLi]| jAiil ljUj^s jA <_>ia*j :3.23 JjJaJI 

Auxins kiiLkuijSri 

Indole-3 -acetic acid (IAA) <JaJI o^ 4 ^ ~3 _ J j-^j 
Indole-3 -butyric acid (IB A) 4uA«^ ck"^ ~3 - J j4 
Naphthalene-acetic acid (NAA) JaJI (j^a.-jJliiij 
dichlorophenoxy-acetic -4t2 JaJI (jia^-,^^^ jjK -2'4 

4D>acid (2 
Cytokinins CjUuj£j1uJI 

Benzylaminopurine (BAP) oijjay^ Jjjjj 

Cytokinin jj^bSj^ 
Zeatine c£ij 
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Ljj^JI j &Ljl\ L£UJ hJbM\ Oliual jA :4.23 JjJaJI 














200-40 


10-1 


(|J,m) jLujjii* i jl>all 


125000-5000 


300-3 


((J.I11 2 ) jllxjjSj-a l-i mil 


4000000-30000 


500-0.5 


(|im 3 ) jll^jjSj-a t /<■>■> 11 


75-15 


3-0.33 


^ll^ 4 r.l i f i a<- ,1 i WtH 


0.05-0.01 


2-0.2 


(h 1 ) AcLuJI ^ i^c jjll j^ill Jii^ 


15 


700 


(mmol C-mol 1 ) (^a^tfl jaJ J^<-o 








cLkxJI 


0.65 


0.50 


C-mol biomass/C-mol C-source 


0.0075 


0.015 


(h" ) AcLJI ,j t^LLlI Sa« 






Sj..J \> 








lJIjJI ^ JLjkll Jib 


lJUJI 
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72-48 tSUj (jj"*>"j u' l>° (AcLui 24 jo Jai l£Ull ■ a&l ■ w< 

Clsljjl£]l Aic. -Jill lillj £o AjjLlill L£>Lk]l J - *^ ji-v 'i*> 4jLijJ .4£.Lj 

(_£.}£ L^j joj tl^lk-flli ojlia) <la.l_)ll J_ala L - i^^jj (AJJJ^Ji 

2 — 1 Sjlc _aoj]l j,«l.,iLj . jj£jjJI J_ala ^liiJI t^^Ja^ _ooj (J^a-a AjL 4jJj^a3 

^ jJ* J i> ^ j^j -£*M 6 (Jl 4 ^pa. jjSj jl jloj jSlj jfuil 

^Jaa a (jl Vj to^^ala Lila. (jo jj^JJ (jl ' ,'?-J 4-lll!io]l 4qW n\\ AjjUjII L£)LaJI 

•(Aj^ 20 ^gJa. (J*- 3 ^) ej^ ^ -'-a ^jlc jJI ^3 cSjiiJ 

^gja. jl JpJ ajillui 1 — 0 • 5 jb^i) Jd^? i-tN'iCifl ^ J i ad ja jL}a.VI ;_)'-"** J 

(Jjy<aJ jl j^-aJ .L£>LaJl (jo 4 alia a ^-IjiV lajJalj I jJ-oJ (J?^ jl j^-aJj (jJ^I 

tL 3kJI ^jj jiJ JS1 lat> Ujj Lljc. 20 -10 J\ MLuJI l£LiJ £jl> 

(_J£1 liLa. Ijjj LaljC- 120 IjJ^I ^ ; ■ -»"' jl a] J 4 » <a1 *t iaj^Ji dlaJ j^j 

^i»a 4 jVI j^a. ujj 3* J (120 g DW (dry weight) l" 1 ) J>A 

<Cjjoll J (LlJUJI j-a ^laJI) jail law) jll (jo La jjfL dlliljSlI o^A <Jio 

.(%10-5) i>US 

J jl - j' alt 44jjlo 4a.j.S 25 ojl^>a. Ajc a-ilc. dlljLull L£)la. ^^-oli 
J^iluil jl .Ajj^11,,,iVI dlUtajmfl J Cjli&SaJ J\ ^JjJ t*llj jl V] 4^11^1 
joi JJC- ^uiljll (jUajll Cllj ^jljoil 4_jjJaJI Clivlcla-aJI f.jj^all 

j. all (^Aatill *Lul^ ^ CS^" Jj. II jixuill 

4^1 jj jJ (> c^yj^l f 1 -^' ^iVi-o"t UpSJ 4 (Photoauto trophic) 

■4j''J' ' J/' ""'^ AjLac. 

LlvLaJI jl^aa ^^iu ^a La-a 4 _aA AijLull AjjiaJI £jl joJI p jJJ jl 
CllljLull Lj!il-i. iaia. ^aJJ lillil .Afi^uiJ all oAA gHaJt j-a 'ijJJ^ 4— lUxSS AaJilaJI 



j>a jjja-a Jc fXklj\ Ja.1 (jo oJjjAj 
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AJi£. kulu A&3la iUjli £jl> ^ <ji*J :5.23 JjJaJ 




(JSP/f*) 


Ojj %) 

1 1 II ^ 








0.91 


5.5 


21.4 


25.7 


(Rosmarinic acid) 


Loleus blumei 


0.16 


4 


11.4 


35 


(Rosmarinic acid) 


Anchusa 
officinalis 


O.o 


j.5 


5 


/U 


(Berberine) ulwj^ 


Coptis japonica 


0.12 


1.2 


8.9 


13.5 


(Anthocyanins) 


Per ilia fructens 


0.025 


0.3 


2.5 


12.1 


(Sanguinarine) 


Papaver 
somniferum 


0.025 


0.89 






(Taxuyunnanmc C) 


Taxus chinensis 


0.01 


0.12 






(Paclitaxel) 


Taxus 
canadensis 


0.008 


0.23 


1 




(Ajmalicine + 
serpentine) 


Catharanthus 
roseus 


0.0002 




0.95 




(Hyoscyamine) 


Atropa 
belladona 


0.4 


3 


27 




(Anthraquinones) 


Marinda 
citrifolia 
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oUajVI ^Lul 4.3.23 

Production of secondary metabolites 

^tjjj ' ° \$ ; AjjUill - 1 ■ aC VI j L:!^LaJI ^jl j-a (j-a .li-lxJI <-JJ^- -^1 

.4i u^\j uila SI IuaSIj tdll jjjaxSI j 1 dll^£la]l j i4jjIj.}1I ■ " ll l£ j all 

oi& (j-o AjIIc- CjL}j2ui« ^LijJ tLaLaJ ^LilVI ^l.lxjl (jjj ^LjlSiSI diejlli j 

.(5.23 Jj^JI) ^jiiai CjL^Vi 

jiJJ ^] Lai AjaAI j!i£VI AjjI jA\ dll ;^J"^ ;J '-— » J ^Liij (j) ' "a SI e._&xuS j 
.^iLoaSI ^JjliJI £jl _>»5I (^3 (l^a. 4iila) ajjj CjLiAj Jaai (j£Sj 4^J 4j| jl lOJal 

7 J-i*-»j t(Berberine) ujjjjj t (J -a J ouJI jjjKlSn gjjj 'csj^ i> 
t(Shikonin) j^jSiill Li .£jjll i> jjJ JSJ cAJjc. 
y^i ((Taxol) Jj^IjSI) (Paclitaxel) J^tiiKLJI j (Genseng) ^n.im^ll 

<Jjjoi£LiSI iiStLaJ .,_5jLaJ jli.ua LS \c- ^la-ij LlC.1 u 4_aaia]l ' "'I ^ j all i _ s Jc <S!lal 
3 Jjl J »j£ CllU£j-aS LljLaJ AjLoUII ^LjjVI AjI-oC. jjjiaj 4jjl£-aj AjIajV 4-j^Li. 4j-aAl 

4jjLixu£ AilLu '"'^ ;^J" (Jjj^J (Ja.1 L^iLiJI ^jl j-a ^l^ijjjl I i <aj (j£-aJ 
Jjj^j (JjS^II jA La£ 'JJ^I *Laj3 Cllli dll aULo ^gJI (j-alSI 

4jLsc L-ilkL (^jll t(Digoxin) jj^j^jj ^1 (Digitoxin) j^jiia-pJI 
j .(Stereospecific hydroxylation) Lie. I ja ajc. jill a^-j^SI (> S^a.1 j 

^jJa j I^jI ^1 4ji tLjjL^J <-oSLqj (jllaili AjljujIj AjIaC J^^ 3 

4_WoV1 Clli cSJ^/l <SlaVI (>a Aj^fJI Cjjj^j La£ .tSUlj 4_^La. ^Ijji.1 eeljJ 

,4jjLaJ 4 jS<ir. ^gJI L$-i-a (_gl jJjiaJ ^JJ ^1 (j^5j iAjjLaaSI 

Optimisation of productivity Aa^lajyi MJlal 4.23 

AjaLijYI ' . iimj ^La!iAVI Cjlj ' - ll ;<j all ^Lijj 'i^Lijl <* alia a CjUajjIjluil ^jjj 

isLi^l Lg-5jLii ■ ClUajjl jluiV I o^A .AjjLiill L^L^JI £^ jlj-a 4 aiajl - ~\ A i v^a-^ LaSI 

CjLuI£II - La^jc. jrLuVI 
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I ■ uSj i a alt ^tijj (J^l j-a -2au jll (JSa>. (e^ j-aJJ j^ill I (j mij (_5.ll LajlS (Jj-^l 

GMP a-l*?-SI *,'*'' ""'^ 4-uijLa-all J £^jYI ^»Uaj <G JJ-aj t^iKll (J£j£j .(_£ jjllll 

Ja«j *j j-j <* Itttf t j *LjStf! 1.4.23 
Screening and selection, medium optimisation 

4jj^}£jl j a i <aS .^tliVI JaLuijIj _&a11I <l!lal elidjVlj <LjiJI (JJjia 

.AiaiUI 4jjlaJI I— llqW all ^jl j-aj ollukJI ^jl j-a Ljia LuHj ^jll ClAjLlill «.lsljl 
(j-a ^Uj^l "S^l-C- CjV^LuJI ^^kiijjj i^jloui J£ .lie Aj^iliVI (_>ulaj t^JLaJI oi* 
a.la. j (_£}Li. ."^ .' ^ ' ° Ij II j-a£jj . ^Lial^/UI jjjlalll (jaJ 

j£] j .AjjiiJI t"ll q\r flll ^- jl j-a ^ (j»jJI ^ Jajoijll j-a JjJ ^»l JC.) (j-a jl! 

dlUlaku-ail ^tiiVI AjIIe- CjljLlill ojjuU-a Lajlj .li. jj V < laaJI e jjoJ 

j| jAjj 4j| Vj i ' \\ Xf\ , „ ~\\ o^A ^^jV l^-i-a 4ii*ji-a]l 4jjl_sJI ^jl j-a]l j AjUjJall 
.AjjliJI ClllaLt-a]l ^ jl jx j ollAJ ^ jl j-a jJJ Jjuiaal UaLujI lilLiA 

4-ia.jLi. i_a j jia jaJJ aiiaj jlll jli mtsISYI AjLv ^gi Lai 

jfr tilla idlJi iajjj .aJLc ^Uij ^Lut^-al lilLaJ ^1 Ll^UJI frlLJ AjLjaiVl ^ la«J 
Ja.1 "Oajoil _jj ^ JXa i <ll jj ^aJJ (_ji]l tp _jjll Jajjj ^»Lu: AiL-ial Jjj^)]a 

(Jjfui ^^Sc .JjjjlLa]! ^iLall fclii odJ jJaJI jLuixll IjJ^ ' . '* " ^^gjll CllLajjiVI 

LiU. frlajjV (Flourophenylaganine) jjjVl Jjjjajjjlall j»^luol ^Jllall 

(Jclaill jAr-al sAAa-a]l sjiaaJI j] iAc jjoij life Jjja>J ( _ySc ajjlall ^iill dlLij 

(jajjaii ^1 tSltS ^ (Coffeoyl putrescine) j^jijjj JjjMj^ tJ 1 ^ 
jiiil (Phynel alanine layase) (PAL) jU jjjV^ Jjija ^jjVl J^c- 

A»J Aja. ^jiij (^jJt LjiUJI jl itSlli! AiJdj .AjjIIu All jlj jjjVI Jjjjijjjlall JalilSI 
jjjVI j»J jjl j-a 4j]Ic AjlUi lilllaj ^jill liiJJ ^ jjjVI J^jS jjjlail (j^ajaill 
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jsj j.ijt 1.5) aJuji a^i^v 1 ^ i^ 1 ^ ^ ' ( PAL ) 

10~6 — ) (^ial lift j tjjJ 

^1 ^ oVUll j> %50 _^ t r lc l& 

aa 1 «all J^xJI L-lli aj Jaa3 (jjyj iMr a f.\ _aA ^l_jJI Ju ^4// jj\ 
olc ^liaJ AjjLuII SjUti jjSJ Lajj j t4jLa*JI ojlA ^ Ji.Ju ^1 CjU jLaJI 

(j-a ^jlill ^Ig-ill jijtill 4_lia.iLa (Jj3 (Cjlj^s 10 (J*^ ^J^J- 0 tlAc-'jj 

4_liL£-aJ ^aliju t_ljLa«J jl^C-J J 1 <a3J o_aiaaJI s^A ^-3 Jajajj 1 ■ 

.lajj ^jL«-a) ^-^-°l ioiisu ^^ill tiilj ^^Jc. Cll3_a3l (JJiii ^ jjjl*-a o^C. JJ;lij 

(jj .^Ljtiill AjjI j.oitJI Cjlj;lij-a]l JAatLo (JjIaJ (j-a (j£-aJ La-a tAjj^J (J£ ^-3 

Aj_ajl!i]l ■ 111 jSlua all ^llijjj ,j J^J^ J - ^! CS"^ 'S^ a * 

La£ .jjiuijall AiLjaj dljjVI j v ^"j 4CjIjAiA_4JJ^]Ij t_a-aj]l CjL)_a^^)& 

r j 1 '--II j t(_^jliJI J_jia]l ■ . IjSjp tL&-° iaj^i jLiic.1 1 1 <aJI ' , 

t'U-aiail LjJajjjai j-ai]l 4-lLaC. j t_ L^Jklu^ I AjLsC. (j-a (jl 1-aJj 

ft 

^tijj jj^J '^jVI Aia.^a]| ^ . jiila.jx ^gJc dlUl^aJ ^.laJLuJ La LJI& 

Jajjj ^gJj Ll^LsJI (J^jj i^lliVI J_aia <La.j<a]| .(j^jUi. 

ij 4_o-aj]l Jajjj aIaa) (j-a J^jujI ^lliV! iajj j <fLal (jj dll jalui all ^li ail 

cjljjuu jc. <LaVl 6.23 Jj^aJI tg 30 _ 20 J^Lu Aji.ljjV! 
jjja jjoiSjII LpLk ^ J j-a (Paclictaxel) Jj^LuKU ^Luj 4^ jjia CjUaJU-a 

. (Taxus) 
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(J Paclictaxel Jj.M^nKUl ^tijj Afi. .^jia CibJbua £il jjjb 4J1»S :6.23 JjJaJI 

2 0.02 (Ethylene) o^AiV ^ cuspidata 

2.7 (i) MeJ 

3.8 MeJ + ofLA^ 



6.5 0.5 



( J ) 14 M 7 



0.3 1.1 (Ethylene) o^Mi^ T. chinensis 

1Q § >"j (oAAjV 1 ^4^) Ag + 

5.2 CS->^ jia-a 

1.1 0.2 (Abscisic acid) Ai^Ji\ 

18 MeJ + .^M,j,„jVI 

10.6 MeJ 

20.2 4.1 + MeJ + oM4 

(Taxuyunanine) 

18.6 jjj^ + MeJ 

4.7 1.1 (Lanthanum ions) ? jjli&UI ilib jJ 
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78.5 


2.1 




\J.\J 


* E '0 28 




25 


0.9 


\1 , i 4- A/T^T 4- A <r + 

(Chitosan) 


5.20 






A 9 
45 




. 1 11 s .1 V*. 1 V 4- ' .k^ 


12 


3.4 




16.7 




i i 4- *, «C , „ -4- , « l—il C il Vt 1 u', 


62.3 


16.4 




67 


3.8 




137.5 


30.9 


S J jaJ J^aj + Ag + 


110 


28.2 


MeJ 



.{methyl jasmonate) tiA*^ ^U^JU ji MeJ = (i) 

.(tiaia.) mg g 1 = (*) 
.0.28 mgg-^fe) 
14 mg g-1 = (■>) 
.0.6 mg g 1 = (-*) 

Culture of differentiated cells ^.riV^ll L£taJl £ jj 2.4.23 

P jjal'j ' JJ^?JI L&-» lj* 2 ' oaJLall LiUJI (^ic CLiUjVI 

pjl (_paxj lillLsJ .j^il! Clljj^jA qa Ailii-a Clllijljj J laJ i i h 
Jla t^jli ri^\ CllljLjll IfcliaaJ ( _ s j]I > '\\\\ «* g jl uj a AjjjUill I - 'I aIsj ■ a all JjS ■ (ja UaUul 

(Hyocyamine) j^LuijJ-gJI <> (Tropan alkaloids) uIjjjjII CjIjjjKI! 
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. jji=JI p_J>> J uW^4 lH^ 1 (Scopolamine) <jj-aV jjjUI j 

(jjj (j^i jajj (jl Lgjc-UaiuiU ^^jjll "<Ll^)Xxu]l jjAaJI" J t_g£-^i La J 1 " J J L M 

Ajjj^ll Ajc^^YI LjJjI^J Saj al jj AjjLlill AjliJI jjj^j (JiLa. (j-a tAjjLlj CjL 

La lc jj Jal j-aj jjiaJI oi* p_ J.> tSllLaj .Agrobacterium rhizogen 

35 ja. l^icLjaj] <_jj.lV I ClSjll iki) ASla-all LiLaJI p_jlj.a >aj CjV-1*-» _jx 
A K all jl .4ja.i j^jll <J_ajlj]l jj.laJI (Jill jlSLmxl I , "M I I g Sal 4^4ftLui 

_j/s jaC.j]Ll3 .<LaajJa C-lLjjluirt J 4 " ^^-"Vl J c-LjaC-VI p^jlj- 0 J Ajml mVI 

(jl VI 4£> jjsll jl/ j jj.laJI p jjJ AjjJaJI Cj^lcLiall pj jjl <*^aa. Cllsj^al _axi .l).laj 
Jj La (eLjacVl P_ J>) 4-aiijVI siA -I laHml J (_gjjj.ui<i Jc- (_£jlali]l ^LliVI 

.(3.5.23 SjSill Lbi jlisl) 2USS3I 
JjLiaJI Jc-Uall ajjLuII LpLaJI (Immobilisation) dn£i 

(j-lxaaJ Jj JljlLlj c jjLaiill _j 1 Jl (_£-ljJ La<a ajjtal<ttll L£/LaJI (jjj 

QiaJslI (JJjia (jc 4 Jllall JaJjj Jfr iLL^LaJI 4£ja. (j£-aJ .AjaLjjVI 

J J t(Calcium alginate) ^jiJlSIl cjLuaJ Jla Miiiih CjLa!>U <Ja.b 
£jj"> J 'o^j -(Polyurethane) jAijjJI Ape Sjc-j c> cAj*i* 
<*-!*'■ ^jIoiaII Jl ^r^IiVI a-iLj ' »j^K-i ^gjaujjl (jjilaJI (jla t 1 1 aeVI 

.(3.5.23 s jSill LjJ jlal) 

ljIjIII LMa M-fji f -i Aj jjij (jji i^ll Ac ^jla JjSl^a j cjLSjj :7.23 Jj^aJI 

Dimethyl sulphoxide A^^iUI Ji^a JL£ 

Phenylethyl alcohol j^yi 



Chloroform 



Triton X-100 10 - X <jj*j 
Cetrimide 

Tween 20 20 ^ 

Tween 40 40 ^ 

Tween 80 80 ^ 
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Secretion of product glial) jl jfl] 3.4.23 

jjiaa] (jjjl^la Clsj_ala JiaS ilj^liJI (J^tj (j_>^-j 1 "'^ aJll^j) -U» ^ jl Laj 

IfrLaJU - 4_ijH-aJ AiLiaj i(7.23 Jj^aJI) tllliki*31 jl AjLui£jaLu]l JAlo 

£J-a^j «J_^J (8.23 <J J^?^) ^J^^* (-l^-" 1 y i_lL^a]l 

£s!iia]| <UI JjU tillij l'a.lla-a CllVl^. Aj^lliVI (j-o j'""^ La- 0 ■ ^llttll jl gllall 

*LaJaj| ^ a IaIulaJI <j^La»jVI J^l J&J JJLa-aJI (jiaAj :8.23 Jj-i^l 



Myglyol 
Paraffin 

Dibutylphthalate 
Decane 
Hexadecane 
Dioctylphthalate 



(J jjIxjLo 

XAD4 
XAD7 
RP 

4jjjjl tllV^U-a 
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Elicitation 



o^jja^l 4.4.23 



2_]_ajL (_J^Ls!Lail lllljLom Jn I'll") <J u llllijl^Slj llAjliill "LlL^al JJ 

jjjll ^jjaikla diL£jx j :(Phytoalexins) aSIx* cJl£jA 

qa 4j^aLiJI Aj&j aa o illljlliil (j-a ^ _jj <J£] .aJjI^alS ejLja-a AjlLxi illli ^jJjj^JI 
JCjI^jjKJVI j t Clil ^jjjjLj j^jj Jjiiallj tdiljj_jijjall a i aj tAjjLiill ilil^al.}]! 

^gjll tdb£j-a]l o^A (JSjjlJJ .Ljjaj AjaUjiall dllaJHaJI (j-o ' kii^a (c\ i 3 SjSa SI 
jl^a. - SaaJ (jj^^la (jc tjjjjj^l (j<a (jJ^A j! tj£joill ili>Llia jl ill] lUjJ ^3 
J j^aaJI (j^-aJ La£ t4_jL-aVI ?.ljjl 4_LajJ^aJ! Ajla SI jl.li. (j« jl Ajjliill Ajla SI 
illljjl£SI (j-a jl dltjUiil Aj^^^aaSI ^JJ^f «ul tllbjl£SI tllL^alkiaui ,j-a Ifcjlfc 
fclii adSt JjSaJ a jj» i all CllljjjaJI '-— » j tj£-aJ tiiSSjS j fljJ aaJl£ (AjjbtJI 

jiuoVI JAba j) (Jasmonic acid) >4p j-^LaJI 4-pLiSI cj| j^J.ill <^ jj^JI 

.4_iiLi]| ilil^^l.}]! «-lL aJ Q a i ^^ill Aj^jj^^aJI iliLL^VI 

tiSliA t(Biotic elicitor) CjLjaj^b <_5C.11 La 4iL_aVL; 

cjUjjI ajjaj jjsil (Abiotic elicitors) ajjj^MII CjUjaja^aSU i-sj*j La L^I 
<j£aj La£ .((Vanadate) CibUUSI Aj^.^r.^UI _-XaVl j aLSSI jjUJI 

jjj i_1*Jj (jl i ____■_■■ i oihjl (_3J^ ^LuulVI jl Aj^jJalUll «La^aJl£ tAjjl^a.] (_Lal jxl 

I i ajl lllL -"^J^ « 

L£LaJ £jlj-« <^S <5l*i L_ajl CjIjLuII <SLtill CjLjaja-aSI oj& 

JjiaJI) (Paclitaxel) Jj.xi'jKi <ti ^LiiJ cMla tjjjj __>ajjaa]l AA**i .ajjLuSI 

CjIj^Ij C-LjijS <XaAVI Clll j AjjLuJI <\y<...^tl aJaa a iiaaJI p jjluS .(6.23 

.AjjLj 

.^liijVI «^L_)1 <& jlla CllLjlLa till j±a j f-^jJuM 9.23 Jj-^?-S^ Sj 
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jSLLaJI 

4ial£j 
iaia. lilli* iAl\A 

t 1* all j!L_u-a]l 

4_ijLill Cj|jaJ.lll 
(J Lulu 
~g all -^jJuJI 

^jL aall dlljLuia 
<j al£ a ' 111 lia (^j-a 



jjj£j .19 i^jljuJal 
La^lj ^IajVI Jaxuj 

o^aiiui-a 

^tijj jl^>^J (j^-aJ 
S^a 1.1a. £3j^)-a 
Jalij Ale j 
ft^jUa a 

t5 lc J j . II (j^aj 
dlUiil lie 



Ja jlai. (Screening) 
Ja jiaiJ S^U. (Selection) e.l2uVI 



3 ilia a JaLuijl 



(Medium 
optimization) 



a£ j^JI (Immobilisation) 



Ji-Vl Elicitation 



^ jjill J jjiaJI (Differentiation) 



(Metabolic 
engineering) 
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Metabolic engineering u* 3 ^ kuiii* J\ AjJa^2\ Am>^1\ 5.4.23 

("lljlKoj Laj|.S j^>fj (UIIa Sj3j1a]I JjjaJI f.Ll^/1 ale. (JjLuij J_j^._jJ 

^^ia. jl Aijjjt^a i 111 aj 4jjlii]| SI a-ii^a All aajj 'iAjAa. 

fl-ji) aU CllljLuui jl jLuia J 4 °J aC 3ij*_a ' _ ^U'ij J j& ■ \ iK fl.ll.ia> ' " ^ jaj a 

i jUaaII jxj f-i 4 SaJ i a_aSI '"'1 ;^J"^ Aija-all t— Uf3J 1§J3 LaJ ■ - ll j£j i u all 

Jll CiliiaJlj ^jLUI cjUjjjVI AiLjaVLi 

till jLulaII fli& aJaac " (Jj^ jLLall <3jjla]I (jli i laa SI f._a*Jj <jl Vj .ajjoiLia 

,j j^aJI j-iiualSI OljLuta -Sajlji j 

Biosynthetic pathway mapping 

(_yiLuil Jc iaS 4 inn LJLc. ^A AjjliiSI I 111 all dlljLuu aJaa a jl 
(jl&jjll J] Jaiij La LJlc. Ujjl VJ tAjjiala CllUjIaj Igi j£ (j-a aC.^)Sljj . Clljjaj 
I^A j .^jjj^adSI jLol« J Aa.jliLall A SaJ i ujll dlU£^all <ila ial^ajl (J_&a. dy^' 
.LjJ jijJJ jSI CjLuaJlj LjJaljajl ^jliLall CllLajJpVI (Jj^ lllLuil j.i]l 4jul!La (j}J*J. 
(ja-aJ ij-uilxul (JSjij . CjIjLuiaII AlaLi iajl^>a. £»-iaj Jl <a,la. lilLiA tiiSJi] 4a»JJJ 
.(jJaJI Ag-a. (j-a (^^>a.lj ' ' . "Sj i a all <£a. <j<a llii lAla.1 tjjijjjlLa »l iaqjail 

AjjLuSI AjjlaJI ^jl_>^l J -^JJJ (4) ' JjVI AjjLLaSI Jl Aj^uSIj 

jj-a iSuB ^lajl J 4-^3^ '-l^-C-^j -^li J] 4iLial ajfc j-all SaJ i a jll l_iaj-a]lj 
Jc 0 jU- ^ ^jc ^jjj^l Ajiiij Jjc (ilSi ^JJJ .^jJiJI jLuiaSI J UajjJ 

AjJAa jfl (_paLaa.VI (J-uluU (J LllLa_jLtA]l al^iiul (j-o la^V clA*^ («ijl t jl^iil 
J 3 Uj,„jN ClLj£^a]l Jaljijl CllLiiV j -AxaJI Aj jK J ^jjjVI (j-a 3 1 1 ajS all 
4 13 (j_4j_)^]Ll ajjjj-aJI jj£jliJl£ iAiSL-u ■ " ll a o^J^. 4_jjlia ~}~^" u cjclijll 
13 (j_4j_)£i] f. ■ ajjal la all Ajj^)ll at lallml < jLjjll ^USI 1 §jL aJ 

4iLial CiaJ t^j^al jl ,*jJa j-a ^1 J 'jU^Jal (3=J t> iiSJij(C13- NMR) 
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l^Jal^ijl J A\ A Uj , „ ^]| i " )1 ~<j «\\ j ^±£&\ (j£-aJ La£ t(j£^a]l jLuiaII ^Ijjs! 
^ytji.1 jjSI (^jJiJI ^lli adSI AjjlLa (^^J (^1 AjjLLaSI s^A ds^Jal Jal . jLuiaSI 

.oMi a AjjJi. CjI jLi.ilo] Aiaj^ji. ^-^J J^^' W^W^ 

f 

cllljajijl j!Luil a lk!L->a3 ((jjaJI (^yoLoil ( _ 5 lc- 4.111^]! AjjlLalL (jjlaJJ LajS Lai 
Clsl.la.1 Aja^ul j^Luil .lia. (_J^*ij Aij^>*-a]l CjLisjjI jluiVI oi& LS-^j .4iiSaw» 

jl ^IsuiVI 4 Lull jj !>lia) t*<lj«Un t _j| ^lliVI (j-a V^J3 .Clljiia]! 
(j-a oi& ^ 'oj3j!La ^^JjjaJI f.lia.VI a]c till jS\ (jli 1 (*jaUJI CllUjljXjSlI 

(Jiilall ^ jja SI (J^lstll ajui j i!i\iLa) Ajjlaijl j!i£| Aij^laJ ilil naJt JjlaaJ <_Jaj 

(Antisense j^*^ si.^ CjLna. al^kU J t(Transposon tagging) 
yilka .(o-UJI lU^I jJiil t(RNAi) ifi-M RNA _SI J genes) 

ojiaa SI ^JAaJ (Ja.1 (j-a Ajfill ■ 111 all (Jjlaj (j^?-SI J..'^""*"'J JJ°^-"'^ dlljjlLa 

A Uj,„j\l CjU£ja]I (jj£ (Jla. (j^J •(£ jLuixll (_3 tdljjlj ^^jSI CjI jlxa SI jl 
(Jljj V t^laJI tll2_j]l ^ jaaHSI 4 it. ,-i AjjlLall oi& (jj£jxu t4ij^>3«-a JJC. 
» -lli aoSI jLuw jj-a jl^)ijl t^Sc- S j^--^- (JS L_L^>aJJ A iLalaJI 2_ ; <j,,M<\l AjjlLa]! 
o^J^aJI 4jj^j]a]| ojLiaJI ClliiaJI Aj jKj CllLajjjVI (Jjc t^tjlLlj i^jJaJI 

.(_£ j^aJI Ajli ami jL»ai-a <_JaJ 

Techniques for plant transformation CiUHI jjjaJ cjU&ill 

Jaj :CjUill Jib S^jia. CiLiia. JU-iV Lc- jj^ J&YI LaA jtSiLjla liSLiA 
a Vi.nl jj jj^Uxll ' - 'i ba SI Jajj Agrobacterium ajc-'^VI Ljjjj^j a L . J jj cjLkaJI 
.(Direct gene transfer by particle bombardment) <■ 

^l^iSI aJLu Ljjii^j ^ Agrobacterium tumefacien £> hcj^jl 
s jiA i . n, a2 .cjLuII (Crown gall) (e^till jj^l o^j- 4 '.'.'""'j '^jJ^I ^ 

i - i na SI (j-aau Jajj a jSj AjL^VI Cjl^a.1 -IxJ aJ t^jjaJI (jSLal CllljUill Ljii^JI 

l^Lk ajjja. Turner-inducing (Ti) plasmid * jjlS jia-aSI ^»_pJi j> 
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. (Cytokinins) &l±ii&jh*Jlj (Auxins) <iLi±u£yl ^-tssj <J sjLj ajIui* ttiitull 
li& <Jj^*-j iS^?- •uj - ^ (J^- 1 -' 1 '^ J] cS-^Ji ^°* a '^c-^)^ Lj^LaJI lI'T'J I^Aj 

■Ajjfa ail Ac I jjjl ,J - v^,„".,„ nj| ClljLul! LiU. IgJLkjl 

jjj^j £xulj JSjub (j^-^ ^ Jjdl 4jp _J^.yi (_JS\-J ^Uaj LJL^ - laajoiJ 
-LlC^lS 7 / Lji&J Cya AjXuo t^Uaill liA .Ajjjauall AijLu31 L^UJI 

Jc (_£jiaj (Jab .liA_pL) IAjaI i jj-lixs j!/L) Jc <_£ jiaj Jill -to jjmII 

T-^sj (jjUajjoill Aj j£-a jjc) (Non-oncogenic) j» jjB aj j£a jjc cjLha. 

Jl AiLjaVLi il$jc jJJauB AjjjII Jl IgJUJ ^ jlall AJLljiSI CjLnaJI j 4 DNA 
L5jy L5-^' "jcLuiaSI" jj-a_pLl3l 4 jA ^jjuilj tAjjoillaSI jllkVlj c-LaliVI ^Lua. 
< iaa SI f. jjoiS .T-DNA (»J_^ Ajj£-all JJC CllliraJI Jlsljl J JJjJ ^"'J.'"*- ^-iLili, 
jjc- (ojallj JjVl l$J3 LaJ i_jLicVlj t_i jJiJI JiLa) AalaSI oa^j l— AjLuJI ajaa a <jj 
_cAj ii—ilja ^jjj^j ^jj ■ ■ '.'"'"'J . 'ijp _J^yi ^ij^^i A J. J-'Jp"'^ ^ c '' _alax 

jjiaJI J j-aL t (Rhizogenes) jy?. jJj/ ^ ^ jill ^> iic ^.S 7 / LjjjSj 
cJSjuSj jjfl^jl ^.iVinn (sill . (Hairy roots) "4jj*JoJI jj-^Jf j st'omofl 

.Aj_ajl!ill dll a1£Luia3I ^bjj (_l^l (j-a AjjxjoJI jjjaJI ^ jl ja 

(Jjja jc bija. iiilljj dlbliill ^J-a^ Jl ' " "t - S3 JuL±a3l (Jajll (jjS^J jS-aJ 
1.2|im — 0.4 (j-a J=»Sj) l_lAa3l jl . Yiti ^ e jjt i r\ dlLaJjota, (J^UaJ 

Aijj (J !>l!La) AJjiSI Ll)Lv (J^-Ij t^j l^iL^ajj Aoiu DNA — SU Aila-a (jlLajj^La 
ClllijaLaJ ' ° • aSSI jlj liA i " ll aj i SI AjljLa jj .(^Uj ^ jla. (3i«-« jl ^PW^ 

.^LiVI o^A (-3 ^-"lj cK-'-'^ AxAaJluwi ^AjjjaJI CjlijjLallj ^^-aj-uj La jl AijiJ 

Jib ^J) t^JJJxll DNA —SI JU.^1 (J A_aaiiuiA3l AIilu jJI jc jJiiSI J>a*J 
jjaJI Jl AiLjaVLi il>SU.i Jl>»3l DNA —SI AjJaj c5 JJ^J tAjjlull AjLlSI 
(J ■ aail jSajl) L-lml Lall ^j*-" aa ait j^Cj «.laiij!)lS (Jjls ^aJail j (j^ (J 1 - "t 1 jC jaII 
jj£j La fijlc :^Lui L_l£ja AUa AxjlLall Ai^a lift cl&iVI jajJilj c^aJ -(^J^ 

(Kanamycin) jjiuuLalj^llS iaajLuSI LiUJI aSL^. ^ jja. jL^» AJa 3-ajlla 
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.(Glyphosate) cjL^ji^USla t^ic. .in* J t (Hygromycin) (j^Laj j 

(jli 4<LaLuill 1 " i .'^ J all (J-j- 0 '-r^J-* L$ J-^H -^ aul J c^ 1 " LjSlaJI La-lic Jl^Jj 

AjiajJaj t^L-ul! t_j£j-all -Ua 4_ajliail c£^l ' J J°'"^ (ji 1 ?"^ ( _ s j1I LlilaJI 

LjilaJI La! 4^»LuJI l_laj*ll J _aa-JJ Jaxujll ,j c-lajll (jx (jS-aJOj-u ^^jll ^Jk 'lg-a ^ 

Ajll A -y\ -\ tilljgji (_)^ajJaa-all Jl AjjjiilLlj . dj j.fll.ji3 ^ jLLtJI (jJaJ/ (jc V ( _ s -il! 

.AjjLuII LjiLaJI AjjC. dll JJa 11 (jc i ^-i j* jl J^*J (Ja.1 (j* 

^ j J£i (CaMV 3 5 S) S3 5 .Uijill 4yl 

diLwaj aa all (jx <Lc jlla (Jlajjjl jlij .<iila CllLjll s-lj^l <Ja.lj (^jjjull jjn'ill 
(_3j3 La 4j<jjjVI A U, „l jj ^liLa^ jjaaJil] aLLiI! j g j niilLj A • —• oaJ allj iAjjjjjJ! 

jl Glucocorticoids ajj^I AjjIjJdil! cjLajJI tAaa^ijJI 

cjLya. jc. (ajc ji) L^aj ajkj Jjal Ja.1 ^ cSlli j (Tetracycline Qj^j , " l j r '^ 

9JLia a ( La (Jlajl Ljajj ^jj iLLyLaJI jjjajll Cj.__j.la. .JJal-i (Ja.1 _j-a j 

^JpV >iy ^ill GUS uJa. J&- l£UJI Jib ifis <4j c^ill DNA -Jl ^ 

'ijjiall ___gj ____yjj j u!la sjjlalLa ' "'^ jj.'^ _jiu2 CliLnaJlj t jl.i_j_j^)ja_jlc. — liij 

_> Sjjlilall CjLjj jjJI jiaj . Green fluorescent protein (GFP) *\ j^lSI 

^Jj 4_alaJI ^.Ic ^^jstj I^Aj < j__ ■_■■ ail -I lalim! J all LjiLaJI .J_ja.j (j-a 'ijjjjLiA ^Sllill 

• GUS (j^?. 4Jajjil jJ (jJjiill Jclia J la 1ml iJC tll^aj LaS tLi!iLaJI Jj3 

^ t^lli ^ *i flit (jl VI .Luljj jjsA (jl ^Lij ^- jj (_^V L)^-«j 'j»Li JSjIj 

.<L)jC.j-al! '"'I jja II L!)laJI (j^i iLJi Ij^c- (jl (_jl < 4 i ato 3 all jjjaJill CjV^»-a 

(Jill SJUill CjLijj jjJI ^jjj V DNA —II ((^) JLaJ ^ La^ic ^ia. Aj! Laa 

Alulae. ' "'I iill ^ -gjuJa (jja. (jc Jajiall jjjuuII JPjJ ^flS .L>1 jiuu 

aj.l.ijjj1I a\<, nirtll (jj liaA j .gene silencing l#?JI Cil£jaiLi lillij ijjjaill aAoc 

j aill <Llaj A ajl i a a J_aa all Li^iLaJI (jx ClllliLij Jjl jj ^^Ja 
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Targets for metabolic engineering V" 2 ^ 3-ui.%fl <_i|jfcl 

. ajJaJ 

_j »3L^ allmVI llAjLaC. (J^l JjuolIaJI (jjJjjtJI jl t_l£^all ^tljl < jj'-^"' • 

JvaVI J A-jij-all CllljjjiaJI AjSa <La jlLall (jjjaiaj • 

I J » \-W dlljlii ^ 4jjE. JpaJI JJC. ClsLl£j-a]l (_gjjli.ua (_pajaij • 

S^dll LlfltLall (Jla) al - ]all ^ AjjC-^all CllL^Jvall Ajjuij o^Llj • 

CllljLij jl JjjjJI jl < al ■» lall (4^j|j taxla 4(jjJ) t^ll jV- 0 «-UatJ • 

l£UJI j! Cjtjlli]l £jl j-a ^tijj 

0 •> ^ all CjLoJjpV! (j'- jiujj ^^l ' " ^ 'Jf ^ J^*^ cs^ JaljSVI : (J.a,uiij j 

£tHaIS <Xa^JI CjIjLoiaSI £_Lij jl <Lui1_lall CjIjLuiaSI £_la3 jl iCjvl&Laill <CJxA 
.la^La f^ty ' " ll jja -IjAJ (— Ijlia-all (j-a ( (JjVI 4_i,jall ,j . AjaAVI <_gi 

1 - ll lla (JL^^I (J^i. (__vo 1 tt v L3jS^J (j^-aJ tjjlj^VI (jlg-^jall I ftjjj .AJlii CllLajjl ( jc 
t __lc. jLoiaII ajylaa (JJiaaO all 4(jjj]LaJI tS^J -RNAi al laHi at jl a^Liax 

J jii»JI RNA _J1 jjj J-iliiaJI Jcliall (jyj^ i> <-l j^jJI RNA _JI ^ jiou> 

ftjjjVl AjlUi t>alii.] <_J] cg-i jo tAjLaJI J jva. jyJI -j,'^ RNA SI j 

Terpenoid indol Aij^j^' Jj-^j ^-^jiSlI jr^jj ^Aac. u^-^ J^y 

^^ic Catharanthus roseus u^y^jj j&^l ^ ^ alkaloids 

.(Vinblastine) .^n^bijail j jjiaJI t> ^ jVu/«H) (Ajmalicine) 
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(JUS ^1 t((jljjVl t> jU.jVhn«ll) Vincristine jj^jSiislI j 
Geraniol J jjjI j Tryptophan jlijkijjJI tAilLJI CjLS^I <> 

^gi ljl& (jlijjiVI jLui-a (j-a dlUja. o^C Aj jK ^al .(2.23 J^ill 

JJ ^SjolI (^ill (Jja 13 Ja_)ia3l j-Uaull (jl j;lJJj iojj£ia]l Aliill 4j_&liJI ^jl^ 1 *^ 

Jl ^^jjj (Tryptophan decarboxylase) (TDC) jlijiyjill jX^jjjlp 
jajj (jl Je J^j tJaaa (Tryptamine) j^tlujj]] Jet jrlSiJ 
VI .^jjiJI CjIjjjISIVI ^jii ^ &L3I J*l*]l (Secologanin) jlj^oill 

.CjlAjjKlbU ^1 E tuj ^ (Strectosidine synthase) (STR) 



jU*. G10H 



S S ?cr 

Garanol 10-Hydroiy-geriniol 

H T H HjCOOC 

L-Trypcoo»wi Tryt* amine Secotogmn 




Imruun-cnhenifrans 
^*~J&*i Jj^ "IJ^i > 3000 j* 



t jiUuijjjLSjj ^lijjjjjj sgeraniol-lO hydroxylase, G10H .j^UuiSjjjjA -10 
STR strictosidine .Jliy— q^-J^J^ itryptophan decarboxylase, TDC 
.(glucosidase strictosidine ,SGD tjl-^iAj^ ^jjjjjljjlu, ^synthase, 
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ij.la.lj Ajjji? (JJ^> -I lazuli J AjjJaJ^I ' 11 i 1$ SI CjLulljJ jjJJ talc. (J£joU 

lllljiaa o^C (Jj' Ajjl^aj JlLaJJ L_liluiV I ^j- 0 4 S<i-s li&J .1.1a, 

(jS-oJ La-a I^A j tL^ilaJI jjj jl 4-jSa St (Ja.|j dL^L^Ij-aSI jl jLjaaSI (_£>La. a.l}La 
AxajJajillt ' " it Lja SI jli t (JSLijialt o^A jjLaa] j .^lliVI »a a ,j Lal& I jjJ I ■ m Sj (jl 
jl jj .SjJjS 4_LaAl dllj t jLuiaSI 11a 1 - 'I ua aiaa a jl ^ua. jjit'ii a£jkJJ ^jSI 

ClsLajj\jl j-a <iuAui <xulj o^ljj (^JjJ '"'I llajl o^A Jilal iajLall jj itMI 

1 ^J^H jLuiaSI 

CiLLn AjjjIj CiLuajjj> ^Hj| 

Production of secondary metabolites in other plants 

' . ia ^ jl ^^j-oii j^-Gj 

c^^L^aVI gjj-aSI p_jjSI tj* V-lJ iCjljLiill j^ (_£jaJ pi _jjl c5-lS LSj^^' ^J*' 1 ""'^ jt-"i-a 
jLuia .la. jj t(JULa]l (JjJjui (JjtS . t_l£j^SI ^IjjV (.i" 3 ^ J v ^^C- UJ 1 SI (Ja.1 (j* 

^jjaJI ^/i 1 adil (J ^^iuiJI 4c5jjsJI (Secologanin) jjjlx. jSjSjliuJI ^/u^ 

Jda. jx tiilSijj .CjIJjjSSSVI g^jj V bAi^c CjUUj (J tJjjjjjjiill J jjjl CjIajjSSW 

^ (2.23 JLill) ijjKlVl ^ii.n'i jLu^ ^ Sfr- jTdc ^LyaJI ji^ J ^\ Jti\ 

i^jj 1 "Styriaca" "ISLjiiu:" j sU^I Weigelia yj*jjll ^ 

jj.i..uSlfta,l j ^(Tryptamine jxatiyjj) Jj-iiVI CjIaijKSI jrljjj-j <— itiUill a 1a L£La. 

.(2.23 Jiill i(Serpentine) jiinjjj^j (Ajmalicine) 

production of proteins CjUjjjjJI jr tii) 

Clsljliill p^jl j-o Jal^jiLl 4_ic. jl jij j^jj (j^°d tl^J-aSI jp> 

at ikluil aLuA^I t>a Iaa jI j ^aa 1 3 ■ ^j-^ j CiljUiSI jl Lajj .AijUiSI Ll>UJI jl 

alui^/lj ClL^lilSlj tAjjIj^SI CllljjJjjjll j-a <CjILo 

JjjjfLiili]! <fc j^aa a AiL-bl AjiiiaJI l^jj^Lo 1 gjJac.1 j a it ■ a^aSI 

' "'^ V'JJ. ^tHW^' ^^-^^ Jajiai. » J -I laliuiV AjsI i f-ij ojj-o CllljjJj^JI 
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Human serum albumin jL-uVI (jd J*^! okj^j u^>^V' ^ 
Je J£Aj ^jL»L jjc AiiLull l£UJI j CjIjLuII jl V) .(HSA) 

gliLa Jj?- i ilil ^L^jJ al J (_L>I (GRAS) 

UjjiLluI ^g.T.uL.n non-GRAS (J^*-^ LjjLalj 9ji*-a jjc. ciiLul£ ^ 

CllljLull ^jl j-a ■ . illaSj Lo-a JJJ^J JJ^I ' alS a li&j .4jixm_&^ (jLal (JllL.ul ■ ■ 1H3JJ 
£3jJ (j£-aJ lillijj (jc ^5 ialj3^U jJ_aiaJ jj<a AjjLuII L!iLiJI jl 

(_Jjijjoba]l ,j '4-llla jjc. dlVLajilLai! Cllli AjjLu ' "'^ filial ,_5jLaJi (_g jIulo ^^JlC- ^L\il 

.LpjjLsL L-ilji&VI V J '.''K: tSlJi tjli csj^^ 1 cjVLa*iu,VI ^ Lai .<-ijjall 
Large scale production jojS j jlu^ ^^te. ^toWl 5.23 

Introduction ^jS-JI 1.5.23 

CllLLaC. JJjlaJ J& 4_iiLull Ajla 13 AjjJiJI 4jliill ,j^s ^Lpll L-SO^JI q\ 
£ya ijitll (j a i all j^jJaSlI li&j .AjjL>j 4_LaAl Cllli l— ll jSlui a ^llliV a aa i a 
Cjljsal! ^ .(3.23 uill) 1 all tjjxa jA La£ iAJLaJjlaJI Cjl jLaJl 

<Jtill 



If 



i5l 



.Ajjja. AjJUj Ajlafr jJjiii ^3 4i^|jla UjljJa^ :1 «ti :3.23 JluJI 
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Process options <uLudl CjljLi. 2.5.23 

4-iLa*]l £ jj Jf'^ jlik-VI j^*-J Uiaj I ■ '7- J 1.1a. ialaj CjMj iiIU& 

^jj I^^Aj 'AjjLiJ A a ■ "''I jl Li>l-a. 1^3 - jaJLuball ^lliVI AjLaC -j a i eaJ (J!)Li, 
t^L afcl j-a jl 4£^>aJI s^jLo l-L>La. AcjjA jl t'i^a. 4cjj^i) Acjj-a]! 

j»l j-aill J_jia (J^-^) ^tij'VI Slo j (Ig^jli. (jjjaj j»l ^ jla SI (_J^'-^) ^"'''"^ j^J-aJ j 

c4_ljlaJI dllala-all £jl jxi • 
c^jja. Ajjic-I) ~ Sa i all ^gic 4£jaJI Jjaj 

ifrL a&Vl ^jl j-a • 

jj.laJI • 

(jxs .1}.1*JI Au ^liiVI Cll3j jc J-ajll JJ^ (JL^aSjl j) 

Ailol l^ja ^JJ j„"^ J" dllj tllLLaC liA L—lllaJJ liili] .^iiliill ^jjiaJI ^Jj^ 

jl alii-all jl 'i.la.1 jll A*i^]l 4jLa*£ J,'"^ 1 ClULaC iijj (jl j£-aJ 

4jlSa1I ^gJjLsC ^1 iV'u .j ajLc JjJa&xJI j^a t^^^LJI (Jj^asJI j^jl) s^aluuill 

4jii^]| <Cjj« ^Uaj jl .4jjJaJ1 AijLl^l AjLsJI AjlfiJ alii-all 4*3^11 j o.IaJ jll 

^tj jajII Jaxa j j^ ^^ajjjj (_J£joU JclLall ^ 4cjj-a]l Jajjji J^}*^ * j^- 0 ol^i-all 
^Jfllj t_l _ja.j ' ■ '.'"'"'J La£ . jLa. (Jliiil J_aia lilLiA jj^J (jl JJE- j-o ^llijVI iajuoj 

^Jc j j, ^-.^ \\ ajjj^ji Aii£]l (j-o 4fmj 1 " " ..' . ^W^l ^_*^-^l ^ j^Jy^ 

A^.UJIj t^Ajjl^jll AjJJaJI Al&ll jj^JJ (>a %20-10) _a-aiSl ^J>a 
I g "-^ a o^Ljj ^JJ (_5jll J all ^"jj" 0 L>° l^l-^jl '^JJ^J AlioiLaila jj"-^"' AjLaC 
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.lift t<llaJI s^A _J lilli] .AjL ^ill ja.YI j Jfta-ftll ju 10 _ 5 Lajj-^ 
Clll jlaa.) jj^al ~ J ■ <aJ jl I * j£ aJ llllj^aa all <lali jli olAi-all Ajti^ll 4jUt% -I lalml 
lljla-a jjfL Jtlll JJ^YI Jrt-N a\\ jY i(30 '15 '1 ^Uri'l A^-lal^l -^^V 1 
p^j jjc. tillijj t<Laa.a j-a %30 Jlja. (Jjl*J LaJ -lajujj ^iLa ^a a Jc. 

^jj ^a a Jl (Jja^jIIj jas all $.!)tlal Ja. LiaJjJj -^^ St I^A jljjjjj _o»aj]l 

%100 <^ 

4-iLaC. (Jxaj Jill (j^ajL^aaJI _j <a« ' AjjLiill AjjlaJI dlljla <i]| ^j' lilllLaj 
lgj.ll j all ^^Cjill jaIII (J^joa3 . laiia <i Ij-al a^aluLaSI Acjj-all jiUaj J^.'^-"' 

Sjxl <c.jja1I plajj <_±aj tilljjj t jljaluiVI <lLa. JJ J jj-a jll ^Ljjla Ij3j ■ . lUal; 
La 4jjI£ ^ jjj j ejjlaa. (jl YJ .a j3jla 4_jjaill ajA CjLjL^ajiil Ojl£ Ijj Jg-»il 
4 jLuc-YIj JJ-^ j*»' 4jj1»a1I ^jjll 4jUr. 'ijj3 stjjl (iljliuall (JJaaJ tCl/alj) 

<k..nj UjLu&l jl iLfJ ^lid£U (_LJ jxs Aj^ajLa-a 4jLa*ll OJA JiJj (illi! 

• ^^"Vl cjjSaJ J sialj 

Bioreactors Vaj^ c^LtLLdl 3.5.23 

jJlj^l S jfl cjIjI^Ij cjtitull L£U 
Plant cells and hydrodynamic stress 

is A AijLull L^laJI jli 4 4jj$a-all CjLul£Jtj AjjLuII l£LaJ1 jjLaj Lajje 
jj| tlgjS ij.S_aa.jAll 'ojjAll '"'^ ■ ajjaJI J] ^gjjoJJj (J£joU tillj 

jl ,Vm.nll j* jl£ Ajl-lill J -(e^l AjlaJI aa^a jx> % 95 J». Jaj& jl j£aJ 
Ujlja. aSj! frLail j* (JjojS Jla U jA ja. J ^ Jill iAjjLull Lj!laJI tijaj 
^a, i . yy„\ LgiLoiajl Jl (_5JjJjj (_5jjaJI JcliaJI J t^^&laJl 

jl£a .(^jLuJI Jjuiiall AluiSlla ciaj Ajj^a all CjLuI£1I ii5l£ja.VI j^^j) 

_44s ((X-jLuJI J' aall jlajl) Jl Jg-SI ~It ' ^i.n\l li ^jJaJI (JftlLall jl Jjljlall (j\Jt\ 
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<_J£jij Uj aAajt-aLj 1 ■ bjl (_£^>a.l 4jjja. dLylclLa (j£l (dLylclLall (ja (J i <a3 alt ^ 

(_>iaJj*J t jWi (ja c*Jl£ja.Y,| 4-Jaia.La (jj^jJ ij- 3 ^ 

AjjjaJI ClilclLaJI Igjcljj t-ilS J^A? AiiLull "Siji^ ^J'j^ 

.AjjjaJI Cll^C-LLaJI (j-a li& ^l-laJjaiL) <JjLiill ■ - ll aaj ail 

Bioreactors for cell suspension 

^La-ij 1 g""" 1 jj (2)1 a JJ* ' all aa lit) C-L^jSjIIj Ajjliill L£)laA] j£-aj 

i^gjlj^ll la i aall ^Uaj till j cIlAcILiIIj i4i jia all (_pal ja.V, | Cj^L&ILo (ja <J£ ^ 
jiajl J j ■ gl idlll JauiaJI ^>*i]l dvLclia AiLjaj iilllclaa o-lxiclj ol lillj j 

(_palja.YJ dL^lclLa 4 aJajl 3 alajVI oi& jJJ (jxs J L aLallj .(^jluill J' ail! 

Acli^a (jjjLiall jL^aJI Jf"-^ Civic ILail o-l^i .t-jLiuil 'ilxl iAjjjia all 

.4jjLiill 4jjlaJI 4c jjy>l\ (jja ■ XVI Jlalilj ^1 j!LaVI (j-a o.lia. dil ki 

t _ ff lc (JJjJaalj ALU (j A **„'J3 a *H (jc sjijlal! 4i^)*-a]l aJaa a jl 

J j-laJ J^"') Ifrl&LaJ (jiaJ V ^jSI dllij jail (_Pa*J U' • ^jLull 4^ 

.(4.23 

(Jj| jjJI tilLuLfl 4_»JaiLia (_J^J 4jjLn^ ^J^' dllSLi n\\ lilluii 

La Ulii 

ajjjsJI i^bSJI qa fjj Jj^j u' <j^-aL I1a j .(Pseudoplastic) 

1 i tajl ^LtJ j Ala. (J^xij jj-a^i JJC- lill^ J*J ^ j i ad3 cJa^LaJI (jc Ia«-J 
(J^aSa la) JjAj ivliJ aj al i aJ liaju (Ja.1 qa dlLuoljJ oAxJ ^Ljill ^1 (jja i 
<!^LaJ 4jl£allj ttlLdjaDLllLl A^Jfuill Jjl jjoiB J±aJI ^_>aJt CjIL^ (illlaJj ^^K'UVI 
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^Jj A^. jjal\ i all j JJ*^ i— iLluuV I Cllli AjjjjjSj Jj_)a1I (_£ JJ^II (JclLall (jl^S 

. jKi^VI JSLLa 
Bioreactors for artificially immobilised systems 

(j-ajj lillj (jV IgJ^^)^ (_£>l^ (j« CjljLnll L£>Li. ^^ijj j,. 1 '^"' (j^-oJ 

j^s 4J (J) AiLiaj -t5 (jjiLajll j (Jjl jxull oj3 -llg-aJ -l^a 1 '"'^ ""^ 

j-a Ajll& CllV^t-AJ dllijjjkJ Ajijj j AjjJ^JI JLajtAmt Sjlel Ajjl£-alj t )-i>>i jll 

.AjjJaJI Sh<U 4JI j| jjc. 

ajjAla^ail j CjljLnll Aj«Y'i <La.lijjaiAll Ajjj^JI ClilclLall jj£j jl j£-aJ 
jl tAj^a jj-a^a oAacI jl A3 jSa a AjCjI La] (ajfr J dll ;t*S« jl ^^ail* i ■ 'I ,j 
jlxll (_JjLij I g if-alj ■ ■ IfmjJ Ajl VI .(Jjjaw ^>*3 jl ^l^ l«jL^ia dllj Cl^lclLa 
. JjVl J^A^VI <Jo A3 all Ajc jVI Cj|3 AjjjaJI CjMtlLall jlfl t JL»VI 

Aj*jJa oJjia <LdJaj| J^l <j* Ajjja, C£lcLL» 

Bioreactors for natural immobilized systems 

Igj j£j j_5_>^VI 4£^pJI 'oJjLall A aJajj/l je p.! 1 a&VI ^ jl j-a aJaJl ' atiaJ 
Igjli A3 jq-s oil Aj j;iaJI ClLylelLall ^1 ^"'nil (_£.}] j£J j 4 Ida. A-aiaia ■ lA-UJ (j-a ^ 

aiaaull Aj^ajC 1 (jj^ 

.'oj_4i-all jj^aJI ^j'_>* CS^" LJ^ ^ f^jiill lS-^ 1 - la ill * jj 

, i-^K'-vN/t -iLj-a.) (j-a Aj-ai-a ^-A <J^}itMdII jjj^JI ^ Ll^L^JI (jl (j^i ^C.^)11jj 

Ajijaijl JjlaJ (jlj La tJa!vLaJI Aiajjl .U-v'U Aj^je. Igjjajj jjiiJI (jl VJ 
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I frlaLa ,_A 4jij*-ui\ jj.laJL) A ■ A a 11 A SS uS alt jj .0 jjLaila jjc. oluiaJL) 4 gj.' 1 " 
ClivlelLail JlLaV ^l.laiu)VI (J^l (j-a lillil • -lia. (Jiuij _a-ajll AjjUj 3 kSjj (jjfifcJJ j' 
4-iLaG. Lai .si* (jjjLtill Jalaj AllxJI (_£ jjj-iiaJI (j* Aili 4ojjj£]| "LijjaJI 

t4jL (_£ill sl&j [j-a jj-laJI Jlaiil (jjj&ajl (_><aLa. -J « 1 a3 ^llaaa ^jahti 

Cilia "7-"' (J£joal _a-aj]L lAij jl jj.iaAl j£-aJ I g SLu dsu 4_j| I - Ua 



iojiaall ^aja.) 4a.LaJ jl t(10 Jim-0.01 tSjiaall aaja.) AjjUiJa ilL>lc.li-a -I laU 
AjjLuiaJI fA9J .(5mm- 1 (SjiaiiJi ^a^.) KjVnlLi J i(100(im -10 

<1jLj J ja._al iiS3i j t lajm jll j L^LaJI jjj jLJI JjLu] J 1 ail dj| jj-a Ai-LaJI j 

.^jjIj (jLLj ^jic jjjLoB Jj^ail lalil ^^aia LajijlH 4jisj Lai . jj^aJI jjl 

as} 

4..,u1.i,LLa. ^^A ^j^all sAik .^JjJaJI Clinic liaJI 4-Luiia JJC. L£/La. (j-a <lu>lj]l 

jjc. dlLallo j_>3J jl j^-aJ t^jaJ] Lj^a^)*J 4j1_a. ( _ s i3 I^Ljjall Alg-a^U 
CS^j P J-J^ ^l^J ■ 1 . ' T > a ^)-al _$A IgJ Acjjvall ^Jfllj AjLttC. jl La£ iAjjC-^a 
(jV J-a!LauJI lili^aAll <La.laJ dbujj] j '^'j' all (JjiLalll (JaJ - j' all 

^liijV ^-?L) ^3.'°^"' Aa] j'"'-^ La Jajj_all j £-j_)A]l jjj (JaIjIII (Ja*x 

jjlaj j-a <la.j-a jful AjjIaj L!iLaJ ^Jfllill jH 1 (^"^J lS^-^ cs^" P_J^>^' 

jjj 500 Ajtui dll j ol j^-a j 4i jia-a 4j& jl ^ ( lajlaJI ^ jill ^ AJjjll 
. jLj-illj cJ^' *JJ-^ U^-°^ (Ja.1^31 (j-a AjjjIs ^Ijl 1 a-tj LoAljjj 



(J j^l SjjISJI LiL4JI jx a_jj« ■ a 4 aJodi-a (Jl£joil^ a ia ^^yc L/3Li 

iL^ui IjJJtJ AjLaxll s^A 1 ■ lUajj .^LuaVL 'ijJ^a. (^^>a.l AjLaC (CjLjll <jjiu Jj^J 
jjloll -jU-v'ti <ja 1 . lllaJ ^iii^pJj ^Llij j ((jilail Jjjaj j>cJ (Ja.1 j-a Jauijll 

. jljj ^jjjj-a (_JjJa. (JclLa ^Ijiisl cJajjjill sAA (jjjaaj] .iill£ja.VI (ja 
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1 



(5) 



iS3£JI JliBil 




DO, DGM. Cs 



Op= /(DO, DGM, C s > 
Rp — C x O p 



| (Ajmalicine) J 



(Ajmalicine) ) 



^UjI AI^jjj Ajiafr ^jj^il w Lj -* talaa * :)jb-aj ^A^riiajSfl jWijJI :2 kU-t * :4.23 
^jj^j ^ja^ajjJI jvuiji! ,C7. roseus cyj^JJ j^^l ^kuljj (^lulJU^VI 

(jljja. <jjau 4(p iAjjjaJI AJjISI jjijJ iCtf i^Uiail . jjj^ujJL4i.bU hmjn ^Uaj ^tuj 
sJaJ^I 0#?- ui ^ ) J^JJ 'DO sJcli*JI jws-i. ,V sAliSlI Jl£ul Jjbui ,A7a s*l j^JI ((-jLuuI) 
^LISJ Jjjui t Qyo *4JjVI SjUII JjSjj <C s '3u;.« LjliJI (iUSiuwl! JjS jj tDGM 

»^aJ j„" -jfl N ^Hil JJau i^Cjiil iju n\\if\H\ 

Mathematical modeling AaIuJI 4.5.23 

j-laaall dlUL«J AojLc- ^iLaj ^I^C-j <Lol»JI lkal\ 4..jdU<i I - LaJ Jal 

jl J-ajj 4 qU'l S i la alt qjl ■ \\ 'a* 1 JaSS -IajJ jl .4a jlll 

liUij tAjti^ll jaJ J^i. .llaj .la. ^gJj CjtjLull IxiLa. Cjtjj£-a J;lijJ dllifcl ■ iaall 
j»jSJ IgiJ i " iAjjAi dllajlaa ^ _jJJa1I j'^^ (jj^i-j o j^all (ilJlaJ IgjV 

jLiJI ^ jJJa\I jiL<a*SI jlii die dllaJllaSI oAAs liEilgiuilj 

(j* (J£ (—Li^aj ^JJ (jl I , '-^J AjjLiill AjjliJI A£.j_^a]| dlVLa.»Jlml aJaa a 



926 



.^4jjjodll ill! jkSla]! t _ s ic dtiJP"^' 

^gJc. jll <xiJLl jJ-aiJill ClLlLaC. ^-laJ tClVLaJI (j-a Jj-ixS! ^gi 

' ■ lllaJJ ,4j_ajl!i]| (Jill jlalm /^l ^liijjj JiLaVI J£jaJU 4jLa*]l Jjlixolil lilli j i ^j/'^ J « 

<_J£ji]l c2 l-^--*- all ^>lajl) lg-J 4j^aLiJI ^iLaill ^liiVlj j-aj]l (j-a (J^Jj-aJI jjLuj 

• (^-Uaj ^ij-il 4.23 

.LaLaJ 1 ll^J £jJajll jli tlljJaljj Ajjxj^iII Jj-laJI p jl j-« ^ 

Jlajjl CliV^Lx-aJ AjjiiLa n 'nV'-^a (_£ _jLk x aJa a£ 1 g t a J^Lxjll 4 j»aj 

all <LijUi]! LliLiJIj ^aJjIjaJ! p^J_>a [ji sjlt (jjJa^ _jA l-a£ C (Jj^al jila jaj 

^ uJ^J^ 1 A***^ tr^ J cJJ?J"i*;SU uiuuJI J& iSl»l : 10.23 JjJaJ) 

J j^l JjJ^J ''A* 'Jf^lj ^jj^l tSJ^ JcUaI) <> J£J <| jliJI jjla21 

co 2 o 2 co 2 0 2 

(%^/^) (%^/^) (%^/^) 

0.03 21 0.03 21 



4 ^ ^ *i 

11 13 0.7 20.3 y& j> 

Process control Ajladl Ixud 5.5.23 
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- i al a SI jit jLa-o tj?\ j AjllLal ' ■ '^-j jLa-o ' tl u££l (_£jj^)jJaS! (jx t^JJaJ J 

(jjfls ' Lif J ** I l — AjLaxSI (j^i ^jVI Ala.j^3l ,j {£_¥ — '* 4-}^") l3..'°^"'^ 
m! .a^V! JIM _a£3 ; — 1 a SI jUx_a1I Lai i a^LubaSI jLia-al! j& <j jOiJI A SjS SI 
Jjl*_o j «j£l&S| tdjjaaJI I^^A t^jlcl ia. J] (jja^oSYI JlUjl <>i Aijj (jjSI ClLulLoVI 
(_pLa. bLujVI 1 . la j Ajl VJ ^jj? ' "^V^ .' ' . '' " _jl*J 4-l_J$-" J' ^iiij-aSI *lj$-SI £LjJa 
Jjj£jjSIj fljgJI £LjJa (J^*-° Jjj t_£ J' aSSI iill j >aaSI Acjjji ^31 tAjlaaJI laj ■ 'a 

.AjjgjSI «.Liil jliJI ,J Aj ^jxjoiaII (jjajaiSSU ^ i I 

4ia-J-« J^La. a i ill - SI jLulaSI .IpaJ _jA lilSj Jj^s t J* i ,-iVI j 
t^lliVI jj^aj AjSof. Ijj^ l_l*Jj ^gjJI <_Lal_jaJI (ja ^jA»JI liSLl^i . J jjiiall 

'-— » j t^^jaJ ' " ll « j^JJ J J^jluSjI ^liij (jjajoi^VI jjSI jj£ 

j i jj£ _aliJI jjSjJj iAjjlxll ■ "'I mLoiittll iAljjsua jjc. (jUa>VI 

Scale - up SjLJ 6.5.23 

aUaj _a& ^jjaJI (JtlLall ,j Asla^aSI Ajla SI aUaj (jj iAjjsij J L>* 

(jl lali aSI j Ajj^iii! j ^_>*SI (J^-" 1 ^ ^° 1 "'^ f"'^ J ' tj' '-**°*^ ^^Vl 

(_jiSI jl j^-SI c3JJ-^' J* AjijljiSI « AjoiI jJ sjlt a iaajoi aSI "(fl JJaJI (JclLaSI" 

^•^aSlj < 1 11 SI "er^ -J^ T* Lujij A3 jSa all AjCj^I (jc- ' tllaJ 

AiLjaj gjlittSI (Jj£jjU j jajSI Jaj^)ji ^ SjJJ^ Cjlijjj CjlAa.1 (S^Ji ^- a - 0 '^Jj^^ J 
(»a Aj^aLa. S jjj-aj Ai aSI AjtjVI (jc- j! j^SI JJJ-^I ' tilaj ciilSi ^gjj 
(J£joiJj Ljajl jjIjj dlljj£-aSI oiA (jl ^jja. ^ i(10.23 JjAaJI) ^jliJI JjiaJI 
i_JjLaj jLail ■ Jttj liiliS .Aj2 A aAaluuiSI (_plc.VI eti p jil t jl j^ll JJJ.JI AjLa. ^fl 
jjjL^o ^Uaj ^^Ic liSSj j CjSj j5LI j-i Lj^)!^ AjjLuSI AjSa SI ^tijj aliaj 

.(_5jlajll ^lli^lS dLilclLall (jx i ji ill p jiil -1 laajml i 

Uj-laj adS tiSSij t^llj^l ^ SS o (JaJ 'ijjjiLva CllljLjjjJ {yb liSLiA (J^ 

(J^«-a (jx -ijji»Ji ^Sj^^-^I Acjjji jjj nJlilaSI (Jjfui t _^Sc iAia.lj!la ^^i" £ iLjSI 
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.(J£Li-aI! ajlA (JaJ Ailii-a CjljjlLa 11.23 Jj.laJI (j^aiJj . CjIj jj-iiiHj j»ljsll {yb 

SjLJ jUjfa : 11.23 JjJ*J 

LkkJIjAJjUJI .1 
■ . ulSill j&l j5 .2 

J kill J,'^"' j^Ciij\ (j^ajiaj "LjjlLo .3 
4_lkJ_uiV Af"i (Jjjl_)la]l .5 

(_> JdLa c^JtLal 11.23 JjAaJ! {J 6 J 5 J A (Jjljia AaI*J .1.1a. 

dlljLttC. aJaa c LJli. 1 g Ig. j3j!La Ua-a jjSI ^.lajjaudl jc CjLa_jl*-<ill 

Jjkj j i_ylSSl| A&I j3 jjj ^aail 4-aeXa J&VI j-a lillil .^SbSlI 4_}JJaJI 5_jlalll 
■ll-laj ^^-iaJ ^liiVI (j^ajaij £-a aUaill J,.'^"' AjjlLa (jj . ^UiiV 1 (_pajaaj ^-a ^Uaill 
j-a jl c4j_)]aj AjjJajl ^^Ic- tilljj i ■ <all (_g jIi.ilaII ^^Ic. a jaLal! AjIVI 

• 3-ojUII AjIaxJI 4-JjaJ J^a. 

.aajJall 

Feasibility A-J JjjIsj ^ja* 7.5.23 

t _ s i2 . (_5jlalll ^lliVI (j-a t^j-iil ' aKll a _aA LiA 4j aj^j Laj Lpb alii <A$-a 

AjLIS 4-J jOl alsJI 4a. jdll ^jUji j. ^q\i 
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_jA to^ylcl L_ajj^a j-a jA La£ (^lliVI J j-aill) jj/'^ J"^ AjjlLall jjj 

(jAkiajj 4 alia a (_£^i.l 
I i <aJl I g S-jSaJ (j£-a<a]l (j-a l-L/liJI (jxs gllall (Jj^UaV ^Iian^a all jl ^-at-ulaH jjiaall 

^1 t £^l AjLat Cjl^i 

t^-a aja'i unll Ajji j a j a"u .' a 11 dllAaaJl • 
t \jj\ilj ^-<i^ll JpUajj AjjJiJI A 1"'^H j^)£la -I l^Aml 
<J*^ (J^ii (j-a gJJ all (jpUaj £2J j 4_j_&±aJI <1j£11 jj£!La -I l^Iiuil 

4B.laLa 

. IgJ^^a. » ffi all AjjJ^JI A 1"'^H jjSlLa al l^Iiuil 

ol_La A 11 ■» a j »Ai^.^UI illtajlai all jl 4_iIo .Ij ' La-o j 

,11a 4iK]| L_ltuta. 3 La i aJ a jjc. <Lal*]l (_g jillj ' * *N ■ Uatl 

Estimation of costs jjjSj 

AiKll Jj^aJj] <llal£ l&jtsjjl aJ jJjll AjjjUill ClUlaluwJI Qjt ClLaaiall (jj 

lilli&j ' (J^fJaaSI AjLIS cllt-uit (j>s Jj^aJ Ic. jjiiaj^s jj ■ uaL aa VI Jill 

^Hi ^jjiUjl^j'lSIl AHii ^ jl j-a _a-aj ClAjllJ (j^i jliicVl-J 'ajj.la. Aj-aS 

.U Ji-aj aj ^l il a a j U l^ljjlj AjjliJI Catharanthus roseus 

AjJ^liijj i-iaa-v* i " m-^ l-l^J JJ^I (_S^I t^^l ' ° ^ il _&A (jjJJJJJill j 

.Aj_aliJI ^j'j>-all ^ AjIIc ajjj^aJ 

^»JJ 300 ^Ij& ji£ 3000 ^lfj ^Ijj-^ Cjja. 

^•L^jJjjVI dlULaC. Jvli. ^jLiall gULall {ja %20 Afuij JJ^SJ ^-a iAjjoill ^ 
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Growth and production media J iaL-ji 

_a& jj£ jlc- ( a/ (J jj) %3 (J/» jj^l J"V°"^ Jajjo_j]l ^ « jj 

j>5 t_jLua. ^j] t^LuVl liA ^ylc j t(50 € m- 3 ) ^j*!* jla Jil € 50 ^1 ja. 
€ m- 3 ) >a € 800 Jl _>a jJUj Ails <*3a!I ^Lt ^ jSjJI Ja^jll 

jLuJ jY iAljaj jjc. Ida. Ciljjdaj lAjLuel ■ . laj CAjLnll si& jl jje. .(800 

Ajxallj ojlaill l _^C SJJjS j-al*J La IjJjS ^jIjSYI Ifr&uij <jjLjAlaSI jl j-a]l 

jl Jl 5iL-ka] .Jjjxllj 

.(■kuijll AiK j-a %30 Jl _»a jjjj£JI 
4jjlLa ^jjj^ll jdj^a^l JJ^JJ -5aa3 -^Jy i^liiVI JaLuijI j^s jJ.l*JI J 
€ 75 jj£ jic- %8 J& ,_£jiaj (_^a\I ^IjjVI Jauij £±ij 31 i j-aill Jojjojj 

j-a Ajjljia tllLLa£ Jc j_£jlaj JaL-ujVI a .(75 € 111- 3 ) ' . l»^.n jl« (J£l 

<ljjLa JJC. ClsYjaJ ,J jj (_Ja.l (j« J tdljjvU jdjuaxS 4a jjj j-aVlj Cjljllill 
j»3 jll l$j3 (jilt AjjJaJI ClL/L&lLall J Lai . Jja. j J-li^-l! *S jll J 

Biomass concentration Vfc^l 5J2il1 JjS jj 

^ t_jJ&.i J s J j$J1 (jj jdll J ajj^JI ^l&JI jj£ jj lL^j 
jl j^ .(15-20 kg m 3 DW) ju JS1 liL> bjj U> jLS 20-15 
(120 kg m" 3 ) jla JS3 Laljc.ji£ 120 

jj^JalL 4jj£j]|j ^ j-all (J£LoLa Ijjj jja. J .^ja.1 (Jelij aJajl ^3 

.(40 kg m" 3 ) ^ixSLa >a JS1 Ll> jL£ 40 o- Jel 

4jjlaJI ^jl>JI ^ cWjaj^t J LJ^LaAVI ^Uul 

Ajmalicin or berberine production in cell cultures 
Growth and production parameters >»^lj jrliWI 

A o jjjL«_a A*Jjl <2aml gjial] ^Igjll j»jjJ! j Clll jj^ajll J^aJ 
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(Jjnill «.lali! aj tllAjL na SI ai& Cyj ^ ' " a V I "SiJ^-^ ^ j^J^J 

^jj, (JjiImI jjISII Ajjj pjl j^s ,j gill Cj? ^ tAjjlajll A_iaAYI i 

Jc! Jauj ^ill <_£ jJI ja j (JjjjjjjjIIj t^jjiiJI Catharanthus roseus 
<jjliJI Coptis japonica l&ijij*. o^hj^ aIu pj jVl -^tisj 

La£ .(7 g r 1 )^ JSl CjU> 7 cjiL ^Hl 
Lpl ^j^j^l jj£ ^1 AjjiiJI Ac jjA fjc Vila ThaUctrum minus 

jjjLt-o (12.23 <Jj-^) AilSlI dlUt i na 1— Lo ikjjail As] .Ufuii (jJila jiuwu A '«* 
.p jjJa j^JI IaA Sj3j1a1! ' ■ p j"-^ a -I ^luit ' AjjliJI Acjj^JI (jx lAjlsdjl aj 

production process based on single use of biomass 

Cllli ClvlelLa aIluIlu ,j-a t—klj-aJI Jjlxtklll jUaS ^gi AjjjaJI aI&JI ^j-aJJ 
Acj_^aJI j-aj (jj^J (jt Aau ^lliVI AjLafc I^jij .^giLjaj (JiuuJ 'SJJ^-^ aJj^II Jy^J^ 

AjLac (jjjiiuij C. roseus t_yj^jj jjL&I aJU. <J s jl^ajVLj [aj 

(jli i^jjJJJJjJI 2"Uij AJLa. Lai .1-ajJ 21 (jJjJLa^VI (j-a Jy^JJ ^ i -"*t ^liij 

J^kiuib liiljj tAl^aiJ <_a Coptis japonica l&ijjj*. u^jZ 

(_j«a A^lj a jj jLiicLj 4 La jj 14 etsJI Cj3 j ^Lj .el.li-a]l AjtS^ll AjLaC Cjlf.l^}aJ 
(Jiuij I— 13 j]l lillij ^-Jj-al (Jj-^ '^-a o^lcjj A-ajaaUj i(_J&lLaJI ' *«jlV"i (Ja.1 
.AjjjJI sj« 20 _aA (JjT >*nll Clslj-a JJlCj il-ajJ 15 Jc-ls- 0 ^' ^ 

g2iA3! J!!Ua) 54 tf j£ flifLu.) ^ ^ ^laWl 

Production in a cell retention system with spontaneous 
product release 

^3 jljc^l Aii.jx ^-a Aijliail Jjla j4> AjLaaJI oA4> ,J J jVl J_J^I 

<> Ajjj^JI AijSlI f jij jj .a Ail j sja! AjjJ^JI Ali£3l L^j3 a ^lll AjLaxjl 
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qa ja.1 j ^jalL jja/tfl Jcliall Thalictrum minus cj*yi<> ? jj&lti 

_jaj ^jJc. Jajoi jll J-^ 3 CS^ •'SiJ^"^ J'^V dL^l&lLa 

IaAjlj .Ala 4_ljJaJI j Mn.n A\ Jajjjll l_lauji ^JJ CllSjll (Jjdij j t (Jj^aljLa 

i—ilJLaJ aluiV I (Jila. j« Laj ijsjjjauill Jajjj jx ^ejjaII (jA^Laluil (j^-aJ 

-I jalml J a 1 . ^.^ tS/l (J^la. (j-a jl taxll CjLjjAa]I jxs ^-MjS j') jjTj' 

^JJ 4S^aJjauJI Ajjoi ojJJjll .AjLaxll o-l^J (J-^> ail Jj-axll ^ l-lml Lall j-aljjll 

4jx£ liljj £x> U J jJ (_J J I Jj3 Jcliall jx AjjlaJ ^JJall j* J^VI e jail 

.^jUjJI ajj^B ^iLa£ jj£jl 4_il£ 

Production in a cell retention system with product release by 
permeabilisation 

jl jib f jai ^1 Th. minus o^la ? jj&fc t> o^*^ 

^llaj jS C. roseus o^j^jj cp^L c> jj j . nL na.yi (jpUaj up 'c«j£j^ 

JJjoia jaLuJI JAj-a ^lli al jaiuiLl lilljj t<S oaiia AjjLjjII AjlaJI J'^- j 

.Dimethylsuphoxide (DMSO) 

.^jlaSj J^Af g^-all (jp^ 3 ] 4-jLaC. (_a LaS jA Ajlaxll ^3 J jV! Jjlall 

-> lajll laA <J ^JjLull Ajlall g-o-uu .sjiia AjlaJI Aj3 J' y <j?iJI _aAs J^.^1 JJ^ J 

%10 J JjJJjjJJj Jajoijll ■ '"■ oj L-Jajuj ^JJ l&jxj (jijcLui a.lal jSj ■ aJ jLl 

^^Jaij Lax i*lall Jja^all DMSO (^a^/f^a.) 

^Laj) (J^J^ ^AdJ 20 s^al tdjjaJ j*Jj .%5 1 Ajjl J-a JajuojJI (J DMSO 

iauijll i a. ~\ i_aj nJ ^IL ^ < j'"'"*' jl Ajjjail A Sjall ^'-H t ~ J j a t ju.'\Laa.VI j^jUal 
jj i all "-^ VI Alljij j-aj • jjajlill (J_jia-a jx i^'^^J j jj) %8 ? ^ II 3JU i al j 

jjaj .JJJa. j* Ijjj jl dll«.l^)a.yi Aj<aa i jS^sJ illic j ' JJJa. ^IjjJ Jajj_aJ 
.CjIjx ("hnl L&jjjJj sjlcl lillj JXJJ 4'sjiia AjjLuII LjiLaJI (J*?. L^J2 ^aJJ Cjljxll 
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M 3 ,t _M 1_ ,11 11 t tl 


^Uttl 4iiS 






r t jcjljS jsi € 













Ajmalicine q;.^ ! «^V l 

iaU bjj jIjS <J£1 ^Ijc 9 :4j^uI 
r jj21 = ^ttfyi SJia 
JS1 (J> jLS 40 uibJI Qjjll 

(40kgm- 3 ) 

(Single use of 
AcLJ! 0.029 biomass) 

uibUI oJ^> 

(2.5 kg m" 3 ) 
j»l jc jLS JSJ ? l >jlL. 24 :4j^uI 

3 i- l ^1 

3300 (20 kg m" 3 ) (Spontaneous release 

:jjS^jk!l Js. i_iUJ (jjjl) elLe ofbiproduct) 

(0.65 C-mol/C-mol" 1 ) 

: jjSj^l ^ f 11*9 
(0.0083 C-mol/C-mol h" 1 ) 

uibUI aJj8 

(9 g kg" 1 DW) 

21 ^Ajj Sjps c 

4300 jui, ^ ^ 

3 (Forced release by 

(20 kg m ) permeabilisation) 

(0.0154 kmol m" 3 h" 1 ) 



934 



320 



750 



ujj (20 kg m" 3 ) ^ ^ 



Bererine (JjjjjjjjII 

: JjVI LiUl! oJ^» 

(8 kg m" 3 ) 

(55 kg m" 3 ) "°J^ ^J^' -I lalj 



J 



Jo LulalS gjj all (JpUaj 



(0.07kg kg" 1 DW) 

: E i3j)fij jsa <>ja 

: JjVl uibJI aJj» 
670 (1.25 kg m" 3 ) 

ijlflll (JUS ojjfl 

(40 kg m" 3 ) 

: JjVl uibJI oJ^> 

(2.5 kg m" 3 ) 

i^lfSD uibJI OjjJI ^ ^ g 2 ^ 1 iP^ 3 ] 

(20 kg m" 3 ) J^al^la jaj 

(0.07 kg kg" 1 DW) 
18 j jjffi JSH 

: JjSfl lJUjJ) 

(0.5 m 3 ) J (10 gm" 3 ) 

535 Ja^jJI (> (m 3 ) Lai. ^ SJji- 

^ 100 ^(20kgm~ 3 ) 

? y io jsiiuijfl jjj 
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4ijaJI a -bis ^jjaJI jjILJI ^ v^'ntt) 

Repeated use of immobilized biomasses 

j^i ^jjjj^all \\ j j^j 1 " t4£jaJI o^jLo L£>La, al laAml <Ula ^ 

(_g jjjjJall (illj j-a ji£l glixll j-a 4 m a [jj^jj (_£ J^-^ (Jfrliall 

t^k -^*..<*fl t_i]la]l slab (_^i3l ^IjAll J] 11a J_4JUJ (SjaJI LMaJI -I vi"u„l 
Igjlj jLalkill <J £^7' U' ^ J O^'j^' -Li^UJI 

liiJj ^ La t jll j .LjaJl 1_jSU1I AiK jUicVI jJ*J iaVI ','7- J La£ .UjjSJ 
jl .iau _all j AjjJaJI 4li£]l jiJ J' aall I ■ IfmJ jj-gSl tliSj jxs AjLaxSI 

4 g J uj a <aK ^llaj 4_ij&i]| o^J -lijj jl (j^-aJ ^^lill jjjoJLaa V I '"^J^c 

.S jail L£UJI t> gSiJJ ^lilill cplLV 1 c^V 1 
Results of cost estimates 4iKJI £jI jjjSj gJlij 

j^Jal jll jx 4jU c(12.23 Jj-iaJI) AjIaxII aJJalall CjljLaJI AjjlLa <_£j] 
.IjjSjj J&VI 4a.jj]l jA AjLat ,J sJal j sja] 4jjJaJI «Ujail al.iald jl 

.<*i^]| tlLLaC. j-a j!i£l aj-alouJI tllLlaaJI jl I iQLllaj jjij ^33 

jA /fllSI tejo'.nafl tliLiLaaJI jtliall JaVI AJJJ^JI <!^l ^ J J*JJ 

jc ^tHi^ll ^^Ic. (_£jjaj (_jill (JjLJI J_aiall cl 4 -^ j-° (jS-odJI (_JaV (_£jjj*ia 
<Jja!l ^ A i ail JJjtill jajjalall AjjJaJI Aliall al laluil o^lcl jiu al . (jjjall 

<-aALu-a Jaai tilllaJ < Jjlajll tllllLaC. AjjJaJI a1&\) jV 'J^° ; 1*11 4jj;LaJI 

^fl jLuluiVI i_aJlaJ ^A <J^La]l <KAa3l jA ja j* t^SI jJI 
aJ (_£^ll jjxall Aj^a£ ^A < _ 5 j1I taUaill AAalljl jl «JlLluVI ^jIc JAaJ dll jj^alll 
4ja&I till j 4jLa*JI till jLia oJ .(kg m day ) aaa j tllSj J£ ^^j] 
(ja lAjjil AjoisLLa AjIaxJI cJ*-?^ ' " 'J^ .' 'AjatiiVI ^ J"^* lilLiA (jj^J LaAic. iais 
jl ^Jj>^a _JJ SaJ t jj jjj jjjII j jluJLaaVI IjLjLu j?J 4jjlLall jj .(llLiLaaJI 
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■ g laau jl Lu i a! J AjLmJI Jajjjij JaLuij^l jjboiaj] lalSjII (JjjIjJaJI -1.^*1. al 

Conclusions cjUUjiutfl 8.5.23 

1 all Lla .ajaljlal! ^tijVI cS^A 3 (_>"^-" 4_kiaiLia l^JJaAjjli t^jiofl 

JUI 

jjc. AjjJiJI AjLaill (_pLk jxs .ll-la. ^^i' (c^ ji «'V'l > il^U j3 jlall 

g-al^J J^Li. i 111 -^Vi ^ JolLi a ^^-^l (j-° 'A-ajliill <-^l _jiuJI J 

Jj-oiJI jJijl) Ljj^ <lljta CiL£jxi jLa-jV * jJI jJSJI S^liSJI Aijli aLj*JI 

.^Llj (jliliil till j 4jj.ll J-aVI ja.1 L_a jjj La-a i^Jjic ^Ijll 

JjVl jji^l lT^ JaVl SjUI jrtijj ajjISJ ftf AiLnll AjjkJI £jl>Ila 

JSLi-a Clljii. ' IjA jjj .ojlikiill A^Jjia ljJa.1 jj^J U' lA^J 

J, „<1"j\<1 y\\ ( _ hiil Lall jjjjjll (jjSaj ^Jl ^yt-uJI (j^ajxj^ (Jj^- 

.sj^Vl cjljiaJI paclitaxel 

^ u ^1 a ji, nVil <LalA jlj! Ajj^aJ^I ^ i " llg » jfi»J (jLluill IjlA J j 
(^^ ajVI 4-ui^%JI) .Ajj&jJI AjjUJI ^UaJ^I jl jA\ Ja] j-a CjljUill 

Cllljjl£]l ^3 (J^J AJjl-f^l A_a_oii>-il ^jIJ>a]I j CllljLiill <J^ J - laluU jl j^-aJ 

I^A ^-a (j^lj .^AjjJa jsJjj l^llj ojjj^aa CjljLaba Jlajj (_3J^)ia (jc- tAj^a-all 
CllULaC. J Alaj alail CjIjLoiaILj AjjiaJI Ai^>a-a]l £yt J] A^-LJI ^^afj <1£ 

. 1 g "jk-"' j ^ J^JI (* ^"'11 
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isjp^ tk^t CihL^ 

Biotransformations 

Pedro Fernandes . ^ u x ^ 

Institute Superior Tecnico, Lisbon hj iA l tLa.ji jjglj ^UJl i l l 

Joaquim M. S. Cabral j,^ ^ 

Institute Superior Tecnico, Lisbon Ajj au J a xJ S x "" H*^ 

Introduction <UjL»1I 1.24 

djljaa^all (Biotransformation) lsj^J Jjj^' JjL% 

±2c (Substrate) ^jVl Jjj^ (Biocatalysts) 

■ . lllaJJ 4jl*i (^JJ^. (Jj_j^J AjLaE. (jjtluilj (jl .AjAjJpVI dlljJaa St 1 jm Jj^xi 

.(1.24 JSiSfl) (Bioreactor) ^j^J Jc.ti-11 j Jellill 

(Fine <LaJI CsbjLaj^llj cCjIj^jJI ^&li.^a .J <_SJ^> 

<J 4jU ^Sjiall (yt -(lsj^ 1 <£• jjIo CiUjLliSj chemicals) 

(c'A) j ClVl^all oAA ^gi AjjJaJI (— 11 jia all J laHuit jjallm i_ujall Jjo*..^ti 
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dAjLmJ £ya IfrDLlbaJ 4jjtLa iAjjJ^JI i"i1j\<it\I q\ .AjjLoJ^I! ii alt ^ 

^.UaC (jJiiJ j ^Jal i_sjIjjJ> ^-a (Jj^a3l <J& _jj Clslj I 111 =Lila ^gjc. 

ClllL-JI aAA Jla J jaj Aj jLall oU-aJI j 4-aLull I - L^> ■ aall JJ£j 5iLjaVlj 

(Conventional methods) JSI jUI ^ ^k. a jjSJI i^aSLji 

^OaJI Ajj j3 ^aliaJI ijjlui tClVUJI ■ ■ life) ,Jj .(AjjLaJ^I) 

J j^aJ' (_pa^}3iJ .AjLuaLj-a]! CjLlLaaJlj CA sJilall £^a 4jjlLa l^jljl ^ dll lUjiaJj j 
<fc1 L all ^a^lilt ^jjjaj dal jfla all dlliukj JlaJ ^Jill diVLaJI O^-J 1.24 



j-jl* :1.24 JiA2» 
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f.UUl dljjLa AjjLaJ^ll I— ll jja allj AjjlLa AjjjaJI llll jja alt lillLaJ 

'(Stereoselectivity) ajc.1 ja e.l£jl CjIj^j (Regioselectivity) ^a_jJI 
(Enantiomeric jlaUall Sajs. j S j_aj^»ll A£Laia Cjl^iia .Jill 
((^jIjJI JK a\\ ^ JiklaiU <-aj^UI ajjISjII dAjlkLalt lillioj products) 

jj tAiUall ■ •'" Ua (j-a <ll*3 1 ■ qjl ^ ClI jia-all sik (jl La£ -cs^jj^ J ijr^^J 
• (Ph) ''J7- jj-ll^ll J Jaij^Jall J 4 0jl_)aJ! dli^jJ (j^i aJ Vit h (_J-a*J 

CjLajjjVlS tAc. _jiLa Ajjjia. i"it jo-v J laJLuJ i (Jjjaj diljlttC. dijiij jil 

La£ .(Immobelized) <jA*11 L£UJ j CiLujjVl j '(Isolated enzyes) 4Jjj»-»ll 
(Recombinant DNA technology) l_i j&J* DNA —31 aIsj CjI j^aks CjjIs 

.(S jJaJI jia_all dtaijl ^ jjSI I jl}a> AjjjaJI AjLaxl! 

(J-aC Jajjxu 1— lag liijlj j tLajlaiijl (jj^J ■ ■ laj Jlilall (_£jjaJI all (jj 

' " Ua qa Lj bl£j (jj^J jjl (_£jjjjJall (j-a (JjlJ Ajli tiillijj t(_£jJaJI (JclLal! 
Sj_jj^Jj i(_£jjjjJall (_]^a (Jj . (jjlLa^aJluiAll 'iJ^)aJI A_a.j.lj lai i tall j 4sjj£jJj 
AjjjJaxll (Jjll a alt !)\iLa) AjAiISj jjc. JaLui jl ^ (_£ jJaJI alt «.IjI ^aJjii iAj^ala. 

.((Super-critical fluids) a^ jaJ Jji ^Ij-allj (Organic solutions) 

Clll jia-all j2jJ (-3 AjjjaJI (JjjaJill i - \\ \\ <if. ^ AAml mVt aILuiaII (j/iSj 

CiUiai j (Screening) aLjc. cjliLac. Ai>U. i^IUa liilil .A^jliall AjjjaJI 

ClLajjjl Jla 'Ajjja. dljsa-a Jjc. (I) IjJaJ j-a Ajjlala (Selection) elaul 

-j a i oJ j f,lijj| (v 1 ) J iAjjU^jSl 4_uiAl CjI j eAl^a. Cj^^lclia jjSaJ i __lc sjjli tbvUkj 

(Operational J**ll ajjUl ( «iajj L all -I ^-,,„M\ Aj^LLa i_il jia a 
La^i liA i.ilknj .Ai^a-a (Kinetic properties) Aj£ja. (j^uL^a. j stability) 
AlJUi JiLa-Ajal j jjj jjjII (Denaturation) ^aj CjUIV j£\ 
(jSl jlall ^ajjaj Liajl j t^-ljjyi AJ-at Ja jj^i Ciaj (Catalytic activity) Ajj^iaall 

CjiL^xjll Jjj^jla ^^Ic iliLa c I g ill naJ j AjjjIjj t _jlc AjaaLa-all (Jaj (j-a Ajiilall 
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a^x^1\ j (Immobilization) c±nL\\ j t (Chemical modifications) ajjLj^I 

.(Protein engineering) Ajiii 

eta1 tj££ <jLa*JI (Optimisations) ^SJ tlJaJ ^> 
(Jill (Multi-phasic media) J s 

LaA.1^1) (jjljLui jJJ>la jl ((^-°) (J^-"-" J^^J ' a 'SiJ^ t — 'I " 
(jc. ^jLajj dlljJaa a i^ c ' Jj' 33 M l<^ ~£ *ll (j* l- 4 ^ _>^^lj 

^Jauill SjaIL (je j ^Lixu^l/^Lijjall (Transport) JSslI 

3Jij ^ Igjlc jUi&VI jloj dii^j (Interfacial phenomenon) iS ^\ 

AjjJ^JI jjialill AjLaC. l_sjj*j ^ LoIa I jjJ i_i*Jj -Ixuij]! 4_ui.li& (jl .Jaui j\\ 

.(_gjAzS\ all Jajoijll ' - ^ .'^ J " Jd"^ '■■'j'""' 

tJja. (_J^iij UajJjJa-a iliol iUaJjuU JiLaVI (_£j;iaJI (JclLall jj^J jl ' ; la^j 

t JjLJI (ajSj*.) ajIloUj^ AiUjaVb (Reaction kinetics) Jfrlisll 

i^Vl t_L?j L£ .5JjS1I JlSijl j (J jfyl <_£>all (Dispersion) ^ j 

^jc. tiliaJj ^gjll ^>aI jlall i jl jia^l o.Hjtla AjjJiJI Clivlc.lij]lj (jlxil 'J^-^VI 

t^iiailj ^IjVl <_£>all (Partitioning) '(sAull) <L^lill ^ jkJI 

Biocatalyst Selection <j ja^jl jia-»ll *1&"I 2.24 

(Fumdamental ^L-Vl *Lp>Vl ^1*1 <3*eVl j J-Ja&l ^1 jj 

AiiLajkJI U jjia i(Enzymology) CjLu jj^l ^le j biology) 

(High-through 4jIU1I ^ttiyi cj|j $1 jLII j (Bioinformatics) <jj^JI 

'(Biocatalysts) ^jj^II Cjlja^l jlki UU tput methods) 

BPvENDA s^cla^ tdiL«jjjiVl <jc. cl iUL« « <Lal»i ^jLjIij jc.1 j5 
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11a JS! Jjjljj J £*Ji^ <>j -(http://www.brenda.uni-koeln.de) 
J*l£ J£jij Alajy (Crystallography) <— ibjjL ^ jl s*llj j cs ajJI 

.(a^Lu 100 t> <_$) J&1 a&j^ (Protein structure) CjLuj jjJI 

jlajVI Ajj!iti]l ClAjij J^JI Ajjj Aj^aJil 4 i —. ^ « ClAjLlJ Acl jii JJjlaJ tiiUj 

jj^kj Jlui. La£ .(http://www.structuralgenomics.org ^) 
AJjkj CjI ji jijj ,*-a t(Software) a^j^UJI jjII j (Robotics) cjLG jjjII 

I) AjjjaJI ' 111 ail jjjjoiajj ALjC. ' "'L'T' g ' " J '(J-°L^ (J^- 4 -^ Ai«j^a j 4 ima a 

.(jjic ^L^ll J' aill Liajl 

J) L^Ljaj <_i=».t t> a^UJI (Starting material) <^^ll si-a jLiiJ a*j 
'(Activity) Aj]l*i ^ j ^LJI ^ alt jLikl ^ ^ 0-° 
Jjuuiill Ja diaJ J^uJl A^lia (Stability) cAjj j (Selectivity) Ajjliiil j 

Ajj^iaaJI JJLi-aJlj ' (g^j? JJ \!S M fO^J '£"^L»Vl jj^jJj tajl^a) 4j_jila<tt]l 

^jjaJI JJ (J j i— ml lall jJaJI alt l _ s lc- Jj. Lj£-l±jl 

ja-v -I i-s,*, i.l (i_j) 4o.lj.la. Ajjja. dll^aa a (jc liaj AL^iJI (1) : AjAoJI 
.o.la.1 jiall AjjJaJI ja-v A\ /gjljjll (Jj^till (^) J 'S^ljioJI AjjJaJI 

fijj^ Ajjj^ £d (jfr Lia-j ALjiJI 1.2.24 

Screening for novel biocatalysts 

CjLuI£ »\1S1| J j La 
(Detection i_Li£ (jil jL CjLu1£]I j* ojjj^ ^1^1 aLjc. L-AkS .Aatjiia]! 

ALli (jj^J (jl J ■ iaijj tAjjliiil tAxjjjj cAJajjoiJ tj-ajll Aj^ikj methods) 
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(Selective selection) ^ISijVt ^LkiiVI <jjl jj£ J jlaj 

Jje J^U. (_> la£ 1.1a. sJjia jUIal ts ic (Colonies) Cjlj**lui*ll 

- L lA (OH) !_]■}■'■'£ JJ-l^SI j-aa-a 4iLial a jiill 4jj£a-all CjUjI£]I 

^.iVu.n <vl j t(L_DOPA) Ljj - L aLjs^I (L.tyrosin) jjjjjjj 
L - ^ ^ £jl j^' '(Parkinson) jj^jLJI o^^a <aJl*-a 

ajj^I cAjji ^ L -DOPA JcAiSl 2 r.:-' ;< <>^ d DOPA 

Jy£l jj -lja.jj lillij ^jjI jail ellijl 4jLaC Liajl Cliaj 
^gJc. aj-lta C^^Lui Jjc (Ja.1 j^i 4jjLLa]l oi& "I Ja3 i aOfrlubaJI i_l£j-ai! 

^•bjj ^jij (Benzoic acid-assimilating strains) t&jj^l o^ 4 - mW^' 
. j^ 1 t> (Cis,cis-muconic acid) <4p As^' lP"*- _ cis,cis 

(f.La AiLiaj) (Jj^"' ^^Ic. ojjla tllLajjjl (Jjc Cy * Z ^ '''' * ^-iLlJ^o CLuujI La£ 

(Nitrile Jjjj^I j^j^ fi3^ '(Nitrile-hydrolyses) Jjjj^I 
cjlajji i(Amidase) Jau&Ij (Nitralase) jV Jnill j mydratase) 
ajJIc (jiaLaa.1 j (Amide s)cjl.ii«i ^ <_U*^ i— lilliaj 

jaa all tlalil La$-a IjLa-a 4jj*ia*J! jJ-Ul a all <LajlLall La Lille 

tJ k. Lgjj^La i^Ll Pseudomonas £fi*Xu> Jjc ^ Sak . i_i Ji«\\ csjjaJ 
4^. _ajLall j Ajjk*JI CjUjjjS j (Toluene) ujjIj^I 
JuiLJI CjI j J CjL£ja j (Aromatic and aliphatic hydrocarbons) 
l^jLJUij cJ^^uJ] ai& jikj tAjl& j -(Long chain alcohols) aLjLII 

AiLial tAjjj^all ■ - ll ail '^J^""' <_JaJ j-a <Lal& (^J;ia. jjSaJ j^L^a 
3 la all j] .A-aU (Chiral) cP^J-^' jiaLiill A-aJ^& CllL£j-a oJ 

(_> diia. t ^LaiAVI £> jjj^I ^jiljj (Extremophiles) AijkLaJI Jajjil] 
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Ja] .Ajjoita (jjS Ullft (Jill AjC.1 li all dilclij]! -Ljjjj J-aao ^^ic ojjla AJjJa. 
ojl^aJI CjLa.j.l] A ^ all ' J U"< tdlUjl£ll a^A (jx ■* alia a £■) jjl ^gJc t_sjxj]l 

<±a-»ll j t (Hyper- thermophilic) l^a. i(Thermophiles) <*ij>a]l 

(Halophiles) ^X<£u j i(Psychrophilic) 3>>iiViJ s J CjUjoI 

iaLuijI ^ (jilxll 4 la alt lillj 1 i aj| j 4(5_iil& ^!iLal jj£ljj AjuuUtLa) 

■Lt-Ja c^jj (Acidophiles) i(Alkaliphiles) Ajjla 

.(Piezophiles) ^» 

Sj^I jUI AjjjaJI Cil Jia-JI fiJiU 2.2.24 
Use of existing biocatalysts 

SiaJ jiall <jjj2lJI CjI jaa-all ^liLLul j& jjjijJI (Biotransformation) lsjj^JI 

LJLa. .AjXjlila JJC.J 4_«_iila 4j] jl ■ " it j a Jjjij (Ajjlaull tllLaJ_pVI !^!La^ 

(Protease) jtp jjJIj (Lipase) jLy^UI ^t»jjj1 (Specificity) <j& jj ^ ..Wi 

( _ S J& j ■ — V JIal^UI CllLajjjl oj^LaS 3 a lilLaj ^1 /JjVI t-l^^^l oLaJj 

Lajj i(Triacylglycerols) J jja q oI t JI JaJ cAjjX ^ AjJjSfl cjL£^>JI Jj1*j 
JjaiLu] ajjX j tAjjLiij (Esters) iiil JiJ JjI^j SjjIS ^ I ■ aj 

. AillLxJI Jl _jiaVI till ij <C jiLall (Acyl) (JjjojVI Cllc j>ftj>.<i 

^Laj| Jl 4ilii-o (Jclij iajjjjj <*<■>*< sAa.lj!lall CllLajjjVI j»l ^aJluil Jjll j3 

jljjill illi-lrtJ^jl laJLuil 4^l!La . Jjjjiiall (_£jJaJI (J-jjaull Ajjoilia 4jjAa. l— jljia-a 

(Water ajjU AJUi iiiaj iaLu J <J ^ ;'■ aj ciMclij jjaH (Ja.1 (Lipase) 
^jiuJI SjiuiVlj i(Esterification) Sji^Vl c£lx.lia ^Jla ikLj^x, activity) 
.(Trans-esterification) (^lsliiJI CjllijaJI jjjjj j (Inter- esterification) 

(jC I .Ipso t jljjill Ajj\j^l\ llllc -J i aall Ajjlalij aXloY Jjjl^ia dljjlj .12 j 

(j& j «ulc (Non-covalent modifications) ajSjUs jjc. c£L:i*j iiaii tjjjia 
.(Emulsion) i-ikl^ (Surface tension) ^^.limll jj jjII Jaj^a ^j^ 3 
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SjaJ jLJI ^jjjaJI ^tjiay^I ^ jjfl JjJxjJI 3.2.24 



Genetic modification of existing biocatalysts 

jia-a (Jj^jia (jfc j^gA i^jff. a ( _ S ^C- tjj' S3 (_£^i.l AAi^ia 

(in vitro) jr^-jSI ^ j ( <J _^a/ ^iL^* -L^-iia) (In Vivo) ^^Jl ^ ^j^?. cs jf* 

IfrS&l i aJ j t llll iff SI Jaj SijAa. 4_i-ajJ>jl CjLlSl*i ^1 J j&j ^jSI jjiSaoSt dlLma 

L_aii. j (l^iu Lua t-nubJI j t(Gene fusion) l^^j '(Gene duplication) 
J&1 J jj ^LaSI j tdjUffJI ^JaS (Insertion) JU.^1 J (Deletion) 
qa <c ja^a Liajl J t(Single-site mutations) jJI CjI jaLSI 

dlbLli ail ^lijj oi& ^ i ajVI jLoiaSI 3_ui.IiA ^^Sc aILo^I .li.1 .CjlAiaJI si* 

^ Indigo ,^-bail ^jiull jjlll ^-L^ ^j^JI ( j_ii^i31£ t(Dyes) 

.(2.24 JSJSM) £. Co// LypSj 
(Tryptiphanase) jUla_£jjjjJI ^ji j.iaj ^ill j±?JI j tjlijjjjjiil JjUhS 
^ jjV S jLilSI Pseudomona Lj ji&j t> NAH 1 ja* _pb ^> j 
JiJia ^ t (Naphthalene dioxigenase) jjjt&il J\)->.)"^j^ 
Sj^li Sjj^Lo E. Coli Ljjjj^j Jj.^SS (Operon) ^j^. 



.UjjlSjll (_>=uij jjj Jiila LiiLa jjj^ £ ls^S" J' J (plasmid) Jx»j5Ull 1 

(jo (JSj . a lK^u (— a&1 ■ ^"n jA j ,^^cla ^ jj 200 1 £y (jj^a 4j'qK DNA CjIjj^^ Cy 

. ^WqMl j> r-il it \lj 4jjj^J1 CliljlUia^ll Ijjii^all (^^^ j^A o-^ /g i » ]ajj tLjjji c \iN djLojJ^j^ 
Aj^oli ^Ijjl 10 uia. lS^J l)1 I ij iS aj .ijjjjLJI DNA SI Aajaj ^ CjlowjiLJI ,jj 

.Jiill DNA-ll cy 
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1" CHj— (j;H — COOH ^ II 

^*^^N NK t Tryptophanase ^s^*^ 

Tryptophan jUlfljiujiJl lndole 




^jUS J' ; j*j Naphthalene 
jjHSiiil dioxygenase 



H 



oxidation 

9.1-4) 



Cgf -^O^ 

Indoxyt 

j, xj.-.yt O^jj-"^ 4>^2.3-Jj^!-cis 

(cis-ind ol-2.3-d iln d rod iol) 

.(Indigo Biosynthesis) jij-ittl JjIIj a^jja j (JaJ, jluw 2.24 Jlill 

(Cortisol) Jjjijjj£il ^tuj jA j t^ajVI jLjiaII ^.liA ^Ifc jil Jlla 

I^a (J -Saccharomyces 

(Artificial ^1 lsjj^- ^ > ^ jluw (jc. c?j^ 'jLu^l 

<> S.i*l j aS%m ^ LuIjj W^-"-^ ^ 13 lUAj biosynthetic pathway) 
tUjjsk J ^ ju aSl J*l£ll jLu-al! j. Wi . ill is j .5*. Cerevisiae 

jiaj ^Lajjj! CjI ^ki. 5iLja)/lj yHW^ (A 7 -reductase) jl^oij- 7 A 
(Adrenal jla^l! S^c. aj iCilyi!]! dUijjjj S-iiLu <dajJ jj 

^gi (>Uaj ( _ y lc Aiik^ll si* cAjjiill CiLajjjl diaj bj .Jjjijjj^l] gland) 
c^^Ul! (Mitochondrial adrenodxin) ^ j^iall (j^j-i jijj^Vl a jj^JI 
(Adrenodoxin j^j^^Y! jt^jjj ^j^iJI CYP11B1 ^jjSjIiJIj 
-liu-3 jli^jjjjl^jjj tj^jaUll CYP11A11 j>jjSjiiuJlj reductase) 
cjU jjSjiiuJI j t(3-B-hydroxysteroid dehydrogenase) ±>.jj£^ ^^jjJja 
^ (Cyps) fJ >ikuJ! oUjitj .CYP21A1 j CYP17A1 
Jn->jn^ J jj CjUj jjV ajuIjII (P450 superfamily) P 450 —SI <^ 

j Ljl P 450 CjI — Jj-^. J — j.^UMl) (Monooxygenases) 

tj—u^jjjjjjjVl CjI — ajjj! 1 — <j .(http://www.icgeb.org./~P450srv/ 
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jSS .(Electron carriers) ch lU j=» ^ S&^j Cb^ j- 2 j-^j-^ 1 j 
(Metabolic flux (JjajSlI Si J j tajjaUl ^ ^L^VI Jj^I 

CiU^iaj s Ur.j A\ ajjc. jjc. AxuUJI Cj^x-Uill JjImj j equilibration) 

.(3.24 

jjjj j^jj jl .1^1 jLa j»jj)jy (jij jjl (Jj^*j] (_£ ji.VI 4jjlL&]l 

^J) jlai]! jfLaJ . CjUjj j jjJI 4 i ii V'ft J I^LluI I aim a ejja-a vljLL^al j-a -^-^ 

till jlaa Sac. (jjj (Interactive cycle) Ajk.li3 SjjjS <^3j3 jjJI "LuHa ajLoc 

till \;"'JJ.'^ 4_»jo.liA t_aJA jal (ill! '/'JJ.'^ 4jaiJu& ojj^) (_pa*jll ^ ■ "-— » ll 4 1 ■ aj a 

(Function) 4iii> jll j (Structure) ajiJI ^ ALLiajl <£1*jI jLui _>a 

(ClLajjil) <!lsua/a 

Jlla£ j .(_£jJaJ| ^ ;'u r— lllljLttC. ^ IgJLaAJjj! (J^.1 j-a 1 ■ na a lIiLL^s! j-a till j 

<L*-a]l j ajl . ^ cil i (Subtilisin) jjjjV'. 1 "^ Cil jiL -j — " _»a a jj 

(pll (eil?. JJ- 2 ^' f^jfl AJlxi eLaJjjj ^gJjVI i_i£j-aJI oLaJ Ajc ji\l ■ - IJa j^s) 

AjduiSbJI j (Theraial stability) ajjIj^JI <AM j (activity profile) 
BPN' uO^VM aJU. tb\la (Oxidative stability) 

(_>sali. (_J^-CuJ jl > ill > n-> Met ~ j Met l-a& jjijAlAll (jLlibal (jLia-tt^ 

J£ju2 ,j& ^.Ull ^^jLJI jjjIjII aA« Jj nillil .(Oxidation) s^uiSiU 
t^jAiJI Jl.iuJ j£aj Ajla ^Methionine sulfoxide) ^a£jaLJI jjijA^ 
'(Site-directed mutagenesis) ^SjJI ^ a^j^II jjakill jjjjJa jc. 
J t (Ala) jjiVSn Jia t(Non-oxidative aminoacid) ^Sh* jjc. 
(_> JSV S J-uxL liSliA jjSj jl jjj (j* t(Leu) ji- jjUI jl '(Ser) jjj^JI 
Ala 222 -Met 222 S jiL A^L-Vl aJUUI <> %53-12 



.(^jjjjjjJ! JU fjjjl ja :(subtilisin) qij jlnj . ^ l 3 
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.(Durazyme) <J J jjj^I 



ijn! Anb iiuP» 











^yjljJ-5,7-li^j| 

Ergiwla-^'-Jicnol 


Zynioslcrol 


— > 


Fccoswol 


► 



A : -rcJuclasc 



ll'ampcilcroj) 
l'.rgosto-7-enol 



MaHCYPIIAI. 



Krgostcrol 



JjjjllSjJjj 

lirassicaslcrol 




CYPI7A 



nOH-Pregnenolone 





4 






iw»iij-0H17 


(Cortisol) 


TVDI IDI 


(ll-deosycortisol) 


< 

rvwui 


l70H-Progesteronu 



ADX 



5J5Llu at Jajj jI j jj£ ^jliJI JjJjjj^jSJI ^UjV /-frl ila^l j ^i'"""' j^"-" :3.24 Ji«iil 
'(adrenodoxin) tjxmSjJjjjji tADX .Aj^uiUII saccharomyces cerevisiae 5 
-3 jliiajjjjfjj 'HDS-p '(adrenodoxin reductase) jIjSIJjj ^ADR 

'(3-p hydroxysteroid dehydrogenase)-^jjjj**j*-SjjJj*-ljjj 

F. N. Szczebara, C. Chandelier, C. Villeret [et al.], "Total Biosynthesis of 
Hydrocortisone from a Single Carbon Source in Yeast," Nature Biotechnology, 
vol. 21 (2003), pp. 143-149. 



(Directed evolution technology) <u> ><JI jj^l (jjjJa £e ^ 

t_jLua. ^ij .(Mechanistic information) <±£A£i*j cl^j^ 
qzj**} <sla (Darwanian optimization algorithm) ^jjUI 3Ji«Vl 
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SjSjUI! i " ll iia SI ^jc i_aj*jll jajj j'"- ill ■ AilatJxjl Ai^luuJI i " ll ija SI 

jJail) (High-thrOUgh put) ebVl aAc- ALjc- (Jjlji" <JaJ jj 4iur> all Jl£j6U 
oi* llLa^lml Jill . jjlajl! (jx Ajllj »JJ-^ elAS - lalljaij ^glll (jjic ^liill (Jj^aill 
(N- -iV jj.1iAj.1i«I ^jjjl (J-*- 4 isjjx-o l^lli ^r!j^ '"'I j'"- " jjjJaiil al^VI 

Agrobacterium Ijjjj^I <> carbamyl-D-amino-acid) amidohydrolase 
^iiLaVl u^U^^U ^tLi^ll jrUiYI / J LIU. ^ialud jjjjjl jAj iTumefaciens 
jUjaJI jl^iu^jjjj jxijjl jl <(D-amino-acids) D- ^Jajll CjIj 
(jljjjx Ua (jiiill AJUill j ajjLuII jjjxjl j ^(Horseradish peroxidise) 
(P- Jjjjjj jjijj-p—ll jljiiJj (Subtilisin E) E C)A1uJl\ <> Silii^ cjLujjV 
S41 jjJtnJt j (Mesophilic) 3l£xJI SjjaJ u^-oJI nitrobenzyl esterase) 
AjlUill (jlaj US .(Psychrophilic) '^jjjII < . »* all (Subtilisin S41) 

CjUjj3 (Jjj jinll jiUui£jjl£j.l aJ jjl (j^s JUjjI jl US < 4 J jjSa lill 

Pseudomonas LjjjSj <JjS A^iialt (Benzoyl- formate decarboxylase) 
<_yu>±-i j£\ (Carboligase activity) ujjjSIIj ajIUs t5lfc*i j <putida 

^gk s^Uj jlj^-J Uajl aJ ^J .ajjiVI <^^^ (JSjiJI USllaJ ^^jII lilli (j^i CjIjx 

Ji (> giiJI Toluene ort/zomonooxygenase fjji cs-^ aJUs 
(Chlorinated SjjKJI iiAj\j^yi JS1 burkholderia cepacia G4 Ijjjj^j 

.(Naphthalene) ^jfljiill j ethenes) 

sUj (Specificity) ajc jjll Jj^«j J*^ jill j£-"ll ^ tiilli j^ic s jilc 
(Galactose oxidase) jj^Ull jl^u^jl ^jjV U» 'JjVl ljSjxII 

o^A J>U (j-a US-jiaJ aJ (_£j^l L_s!.lAl lilliA .Jjl L_l£j^l£ jjSjlxJI at J J 
- jljjililAl^JI Ajjlsojl £»a JaaiL US tCjUj jjVI AjC jj 'i-lljj ' - ■ '-*■"' AjjLLall 

fi c^ill ja j (90% £e) D- ajjuJs j!3 jikall selective hydantionase) 

iT>- AjxjJo jll Ajjllijl 40% Ee iS^i (jlS c5^' C5 J^l J^SlI U-* <-J j*-aaJI 

—11 ^jjVl (jSdiS j^-fci US ^(Stereoselectivity) ajc.(js1I ajjII^VI jjj^j 
sUj Arthrobacter DSM-9771 LijjjSj ^Ijj! (> jjiUll D-hydantoinase 
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c sjj^a. AJUi j ajjIUjI AiL-bj i L-5-(2-methylthioethyl) hydantoin t-_£jJI 
IgilLols j^jII (Triazine hydrolase) LtfJ^j^' jj- 2 ^ f^j 3 ' ^ ^ ^ 
aujj] J 4 Jj^aVl ^jj^U J Cj>1£.ja JiSj jSi jIjx [jAj Triazines— 51 JjI^j 
-4 Jji (^ill jilaJI (Toluene dioxygenase) jjjI jjII J'^iiA j 

-3 4ia (JLlall (Jj AiijaJi] J j uS >a£ (4-picolilie) J% 

aJlljj (Ja.1 ^j-a 4a. j<all Cjl jLuuJt J_alaJ - l^loil Jal .(HydrOXy _ 3) t gjmSjjAllA 

j^jiujall jl^Lu Co/z Lijj^L ^ (Carotenoid) -lij-^ jj^I ^lljj 
phytoene desaturase —31 <»jji ^1 _>iu:Y aj-ijj^ jj^ j^V 

jjjjfujjjj^ ^Sia jAj sphaeroides Rhodobacter \j±&A\ <> 
<> «.LL*JI sijjl j i(Lycopene) (jjjjSJil s(Neurosporene) 
Aiij ^ ft (jjj^j J-ui* (J i_a3Lui j <Cis-(lS,2R)-indandiol 

Toluene —II ^jjl <> ^.k-l jj tCrixivan <Ji\ j£\ ^nJi j-ttiy 

•P. Putida Ljjjj^j t> j ^ - ^ I deoxygenase 

4 la i "I _aJ U> jK'i ll jaJ to jiL-a Ajjjia. Cj! jia-a] <LaajJa ' " ll ij£ a jJ_alaJ I ■ lllaJJ 

(jc LuiLuil ^jj li&j 44j3l*i]l ^gjj Jjj^aj]l (_JaJ (j-o Ajjj^sj a j3 iAa-j^JI j_jla!il! 

L_sVI jl CllUa 'a-ic (Jjlaj IgXiLk t_ia.jJJ ^g^llj t«.bVI AjlUil i_!jlau]| ai& Jla 
i jc jaia 1 g ^jlakJj ^Liill UaA<a ^ j i aj I * ua j 4 aa i a 4 a ^Jc 'LlojJ clil 1}»JI j-o 

'(Fluorogenic) Sjjlila J (Cromogenic) Aajj] Cjljliia.1 jjjIsj lMj^ 1 
<HPLC) ^Ull U.hti Cjb a!LA\ hat > jjLajj^l CjU£ dllij 
La Lit (NMR) yjjj^l ^...jWu oil o^J'j (GC) ajJUJI Lai > jjLajj^lj 

.(jJic gjl^l J^aall #.bVl AjIUJI <Lj»J1 CjUusj I^j ^lajj ^1 Cil jjtaJI 

^ AiUaSI J j^aJ I jjjc S jj15 lijiii yjfc Rhodobacter sphaeroides Aja^jjj l UjiilJI 4 
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a jbSj <£jJaJ! OuSj) Cujjj 3.24 

Biocatalyst Immobilization and Performance 

Biocatalyst immobilization gjp^ jia^l Cujjj 1.3.24 

tAj^ja all illLuol j.l]l (Jaj ^j-a AjjjaJI tllt^aa all (A£ja. .lyaj) '"'J (jj 

j 4 nV'i LllLs. ^jul J jLLaj ^_k- Ajc-1 j > n t"lljlfl(-. J AjLlaJj AaaLi tilt S-uSaJ J 

jaa-all ja^ IgjL (Immobilization) i'nmll ajL& ^-sjj*j -j^"^ 

iAjJjLiij AjjJaJI AjJLxi Jc plajVI £-a i(_£j;iaJI JclLall ^Uaj JaJ.1 (_£jJaJI 
till jj^JI ^j-o LjaaU 2.24 Jj.laJI ^jJjj ljl^><a * (jl (j^- 4 ^ ■ lua 1 

.AjJLLall AjjJaJI r'il ja-v A\ ^|.lajjail (jC. LuUJ (jl (j^-aJ (jll ' W "I J 

olaia tllLaJ_)jl (jjj IgJ^ja. 1 ; i Vi (j£-aJ jll AjjJaJI ■ lit alt ^jIjjj 
tllLaJ^^ •'SJ^-Pj "S?^ ^ "' J] AiLiaVlj 'Ada. AjJjjfLLa L£}la.j 

Ajc ilg-La J j^s jl aJj£]I o.laj J£] AjSIc. tllLlllxi (jl A] j_)*-a]l 

tjaj^a (jj^J l-a Ullc. l&jJjJaaJ (jl VI A.ui1 a SI ClL^lclijll (jxs J^lj 'Ajllt 

(jxi JJJ^ J 4t_lllaJJj iAlAii JJC. jjS La ljJj£ Igil LaS 'Alllc. AiK i—lilailj 
Ijiajj .^e jtjjll Jfr lgJ«-a J-a*J oJ&Luia]I J-al_oxJI ,j-a .Ij-laJ 

jli 4<Lal£]l L£UJI jl CjlliakJLl AjjlLa tUWi A^UaJalt IfrSxjjla Jl 

(jW'n Laj3 AjjoI AjjJaJI tlll^aa-all j!i£l ^-A Ljjja. oliiaSI jl AS j^yual] tllLaJ^jVI 
AjjoiU^s tlilinlaj AliLaJlj otaiall CllLajjjV! ^aj La£ . (A£^>aJI .lyai) Cilflillj 

AiL^a A_aj3 tlllj jl _a-a j-bJaaJj (BioSenSOFS) Aja. jl jJJ tllLuLuia. JJjiaJ J 

Jl AiLiaVLj .(Chiral compounds) Jl>all jlaliiil A-aj^& CjL£_>J1£ tAJlt 

.f.ljj|j J - Sail j ClIjAlA JJJ^SI 

j "aU£1\ LjilaJI j tllAljakK iSj^lall CjLajjj^l Cjlj ^1 ciULij 
.<Sj3«-a]l CllLajJpVI (j-a La JJ-aJ ^^ill AauJal _all till _jj-aJI '-— » J Aj_alaJI AajjijVI 
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L y£*i^ jjc Glutaraldehyde —II j ^JpVl jjj l &&^ I JaLujVI jj 

Jl jJjoU La tojI^aJ! CliLa.j.}j .gija-jj 1^ 11 j^JI (_>a * J "3 " J "^"'Jj 

Aldehyde —SI Ac ^a^a jjj 4-ajlill) (Aldamine) u^l^Vl aIJj JjftJ 

.(Amine —II j 

Jk. ^u. J£j^j Glutaraldehyde —II lsj^I jia_all tsLLSa .laiu 

j < ijLI uall i Luil£ cKj "'I jj^jj cJi* (J^lj 1 - l3^"^I uj' J^l 

4^1*11 Jjla-»1S (Ionic strength) ajjjjVI s jSII j (Ph) ^ii^jj^l 

Jj Aa.UJ| Afljiall siA (J Aj^aI JiSVI Sj^«JI (jj .JcUlII (>ajj ojljaJI 

all i - Lmi jjL La Ullc . Jcliull c-l^^l J^.'.iH ^j-a jjSj '*»-«■ iia .laJj ' a "<\ j 

Jl '(Native activity) (^niall) ajL^Vi AiJUill iaa J] J*U Jc lsj^I 

^LaAaqjuLall A )\ i all ^cjll SliS (jx i%99 90 J ja. tLaauua j! S-"L> 

^gi-l jail jjaJI J (J3I c-Lkc Jl J jli Laa 4<jjja. AjlUi AjI (j-o "LJLa. (jj^J t_i«La£ 

J VJ . Jat Aja.Lul JJj (Lower space-time yield) J^-a <>j J ^-liall 
(Carrier- free immobilized enzyme s)lW^1!jjc (_> 4jA« ^Lajji (J.iaaJ 

I " UJJJ CjI j;La Jc 4 lafll a all ^-a tjjjl jxll a^A (JlLa Jc ' ; ll«jll <lmLLa AjjlLa (j-ajJ 
'•^J.' 1 *"' U, „l j » ^_J_ot ja. (jjJ |j-a 4jAall CLlLaJ^jVI a^A J±j <aaJ ^jj . (_£jJaJI all 
CllLajjj! jl (JSjjj Jc (jl (j^-aJ j^jlll >"'i^). aaAuLal jjjLva 

.(Spray-dried enzymes) (jA?) ^Pj^j <iaa-« cjLajji J j ijjLia 

<SjJ.i.Hti Ajjil CLtyij£j ^ Jc o^A AcjiLall tilnjailll Jjjl Ja (jx (Jjj^aaJI ^aJJ i^llijj 

iSjLiuu ^j;/ tj/jjiL ((Cross-linked enzyme aggregates (Cleas)) 
(Cross- iZjjJL* cjUijjf '(Cross-linked enzyme crystals (Clecs)) 
(Cross-inked ZZjjJu iu >tiL -tiaa^ cjLujjfj dinked enzymes (Cles)) 

•spray-dried enzymes (Csdes)) 

(Carrier- lUI^j Aiaij^all Aiiull l^iiLiLa ^ Sj* 1000-10 — j jjSI 

JJLa-all j (jjajoullS t<JaUjIall jjc t_S jjJall J l^a. ojalabo LjJl La£ .bound) 
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£lH1&1I 


CAjJ j la «It 


- 1 • "11 1 u - 'I • - 1 1 - \ 

^ Vj OJJ r J ^ v. *v 1 < *s. 1 










^UjI jJaJI jia-all ^jl^Sa 
















ffl j^aJI all j 4_al*lLa 


*LaL»u (JclflJ ^lj-al (jJa^atiil — 






*Li]jV^ dilj£j-all (2>* a -"^ i all LliLlj^aJI -llxjluJ — 




11 11 tl *tl S 11 




4iL3.l]l 4 j ) ill ) AjllxlLa 


^3 • — ✓ ^ « r i«j V ^✓•« 










► M i « « i» tl *. a*. . 11 A , 11 * A *.l \aft 
Luu t^JvLA. jC $U^J) JSmJi *UJUU /JlJaa 


aT^I j i_jJ2l JSfc - 












t-iIUll Jib l£UJ - 


ClLajubaJl ^11 (Ji ail — 




5a,S^| a i^tLAJl -<lj" - 




AjL all (331 j*JI pUflMil — 




^AjjJa. *UjaiC.lj Aj^oLail (j-a p-l jj\ j-aj — 


sJlL^S jl L-lllaJI ^U-JJ 
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<LjjaJI d\ j'f* oil i*njn JjjJa 2.3.24 

Methodes for biocatalyst immobilization 

S^E. ^IjjSI \ i ajl La£ .Aj^aill ClVlLaJI (>a JJj£ J^C. ^ 4 i «als \l lgjli±iiJ 

.4.24 



AjIc Jil > :4.24 Js-ill 



1 d 


3& 






(insitu)£b^s»j4i 







JiL* <^iu jdi- 



J uijn'" 



Cross - linking with bifunctional reagents 

L£jLij cjlajjjVI j l£UJI j-a <_£ (Cross-linking) '^n*n j£aj 
i(Bi-/multi-runctional reagents)i-sjlii j\\ s^*ia J ajjUj c_Lil jli 
VI .(Amines) CjU^VIj (Aldehydes) CjI^VIS 

o^A .tllLajjjVlj Aj^JI jjc. Ll^yLiJI ' "'J J 1 "*"' a ,' I g «l nl 

i Aiaia jjc. lillijj 4£jL£La i-llauVI AjSIj Aj-aJ^j' ('"^» aajliJll^ljSj 4jJ^)ja]| 

Ul^kiuol JiSVI c_aJil£]l (Glutaraldehyde) jjI$j^I jtjjlill <jl .*LJ1 
o^&li Ml»la ^ijjVI ^ (Lysyl) Jjj^l ciiVLaij ^ Jc-^jj j "-^j;*'^ 

:Schiff 

^_>ii-NH 2 + OHQCH,) 3 CHO + H.N-^i 



^J>ii-N = CH(CH 2 ) 3 CH = N- ^Jh 
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L y£*i^ jjc Glutaraldehyde —II j ^jJjVI J ^^ t .LIjjjVI jj 

Jl JJjoU La 'ojljaJ! Cilia. ^glla-jj SI ^Jl (_>a ** * J °S " 1-°^ J "^"'Jj 

Aldehyde —II Ac >^ ojj A-a2lill) (Aldamine) j^al JVI aJojI j 

.(Amine —II j 

Jc pA*. J£j^j Glutaraldehyde —II £-» lsj^JI jaa-all .laiu 

j 'lilAjuoill I Luil£ (jx cKj all jj^JJ (J-^- 0 (J-aljC (JJJ (j^S^I (Jjl _£ll 

4+j2 j ' Jl*ll J jla-all (Ionic strength) ajj jjYI S jSII j (Ph) Jja. jja^JI 

Jj 4a.UJ! Aijjiall J Aj^aI JiSVI Sj^all (jj .Jcliilt ojljaJI 

all L- UJJJ J jL La Ullc- .{Jclidll tl jaJ J^-uJI j-a JjSj '*»-«■ ila .laJj ' ° ujl < 

Jl '(Native activity) (4j»nUll) ajL^Vi AiJUill iia Jl lUU Jc ^jjaJ 

A^AaOjubalt A )\ i all ^cjll (jx '%99 90 Jl ja. tLaauua j! S-^W- 

^gi-l jail jjaJI J JSI c-Uat Jl J jli Laa '<Lijja. AjlUi AjI qa AjlLa. (jj^J t_W-a^ 

J VI . Jat AjaAjjl Jjj (Lower space-time yield) <>j J ^tixll 
(Carrier- free immobilized enzymes) JJ-aJljjc (_> AjA* oLujjt ^.liiJ 

I " UJJJ CllljjLa Jc a ™^ a all ^-a t Jjjl jxl! si* (JlLa Jc ' ■ ijjull 4_±u:lLa AjjLLs (j^sjJ 
tiLjJS <t U, „l J^Ij^. (jjj <jx AjAall dlLaJ^jVI sift jjjjaaj ^JJ . (_£jJaJI all 
CllLaJ^jl jl ttlliljSj (J£xu Jc (jj^J (jl Jill f-ajf^^ <"»l^. aaJlubal jjJoLia 

.(Spray-dried enzymes) (^JLj) juijsilj 4iia~a CiLujji J AlaAa j s jjlAa 

ifjjxia ^aJ^Jjl CLLsL&j ^ Jc o^A <C_alLall tiLuJlull Jjjl Ja qa (Jjj^aaJI ^aJJ lillijj 

iSjLiJu ^jj^ '(Cross-linked enzyme aggregates (Cleas)) 

(Cross- ZZjjAa ^Lyjjf '(Cross-linked enzyme crystals (Clecs)) 
(Cross-Inked id jjIL <J^c cjLujjfj 'linked enzymes (Cles)) 

•spray-dried enzymes (Csdes)) 

oJAa-a AAiaa a dlLjlljti ^»lc (JSjluJ (J-°l_ja. ^jjJ (j-a AllLall CjLajJpVI 

(Carrier- lU^j aIljj^JI AliLall <_> Sj* 1000-10 — j j& 

JjJLa-all j Qja uull£ tAjaUfkll jjc t_ijjJall J lia. ajSLoia l^jl La£ .bound) 



964 



(Amidase) jl^' ^^yjj' '"v.*"' ajjIUI o^a jj.'^* j a ■ "-"'j 
t(Esterase) jl j£^VIj t(Thermolysin) (jjjjVj-ajjjII j tG ujb"U'u.^ 
jjjJll 4 (Lipase) J-^'j '(Asparaginase) jlija.jUmVl j 
^ (Urease) jLjjJIj '(Glucoamylase) j£U<>1 jSjlill j t (Lysozyme) 
jjULJI j i (Trypsin) ^^jill j t(Clecs) A^juia ^jjl ^Ijjk ^jja 
jjljnijnill (Acylase) j^Jj t(Cles) 4£_cf*L« cjlajji aIia ^ (Papain) 

.(CLE A) a£ jjjia ^ijjl cjMjSj aIia ,J 



Supported immobilization methods k&.±al\ c^Jzi] ^\ Ja 

jjjjS ^jlclll Aiauil _jj AjjJ^JI dll jfla all SjSjIaII (jjjljlall £SJ 

jUl^yi aj3j {Surface attachment) ^LJL JaLujyi ajs : jjSjllaaJ 
t^jjVI iajj ^ t^JaxJLi Jalij jVI aIU. .{Lattice entrapment) 4<ju*IL> 

(_£j3 (jjj ^j! jjj ^ill Jjlilall jclilll JJC. L-lL^a ^^ilJ ^Jajoij Ajla SI jl ^ i a; nil jl 

ii^lel&ill jj .(jAxiall jj& ^jLiill lajjllj a qjT > ;-i\l Van Der Waal 

lluffill ^ Laj a Ajllai j ^ (j£l . jA*-all jjc. ,-at.uIalt ~ a i all j JJ^JI j'^ all (JJJ 
i_ill jail LS lc <^Lloj£ C_£Lia*j j ^ » ' i a -» <j*l ji. JL^j) ^-a I JJi£ CjjIj jl jii 
4_iLc illl^a-J ^jj ^ <2<jj,^1 < jU'UNfl <La. Lol 4jC.tij N/t j Sj.jjUti 

ji^all ^ <_bls-a ^Lijja jl (Solidification) s-uL^S 

jia all j^-"'^"' f.Lall ^ Ala-La JJC 4_lll!Lall <JLaJI ^ Ig-La ^-HJ ^° '(_£ J^^' 

^ jill li* jia-oll 4_j| La£ -gr^ J^till 4 K >* ^ CiJ^' 

JA^ J t (Polymerization) sj-JjII Jla CjUI i-iik>jj t c_>Uja.V! 

dll jia all jjc. ojiaj 6.24j 5.24 (jjKJill ^JiJ ' . '„'"' Jpll jl ^Jj'j^ 

(jjjia (jc. dimllt CjVI^ ^ ^^~"< all f I aiiuiVI (jjia j ^jlc^llj iAjjJ^ll 

. jUl^Vlj ^JLi JaLiijVI 
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Supports for biocatalyst immobilization 

jLni.1 Sjjj^ialL) j a i <30J Aj i " UJ a L5j^ .lliaJI jj_ala!ill jl 

iajjjui ^^Itj < - lavluilm ^^ill "LalxJI CLujjIlII Alljlaj (^jjaJI ja-s, ail 4_Jlxij 

4 j£ ^1 ^jlclll £xulj (jjUaj aa °^ "LalgJI (_Lil _&xll (J.aa to 1 ■ ajl AjLaxJI 

sjUJI JJ jc. ojc. jLiicVLj ia.Vl ■ .'r,: <jV j .4.24j 3.24 jj]j.iaJ 

_aaj ^^Ic. (J^JaaVI (J J'"*- *" ^jj tAjLaxJI ^ (_£ jJaJI all ' "\; j»La]l 

^Jc . jjSI j^xs £fla jj ^elj jLa-VI i—llc.1 ^-3 - 1 aj tli& jliicUj . jjl j!La 
\JSLa Cjjjj jl (PorOUS Support) ^-aLoiJI ^jWimj tjlialt Jjijj 

1 -La j 4(_£jjaJI ja-*, all jLoiijlj ' "'^ J w all ■ . liaJJ 'j£lj i^jJaJI ait j^ 

.(3.24 5 jiill Jul) \^ 

jLuaJ J.laJ jJiSI ^ 1.1a. <Ll3 <_LjI jC. lilU^i t^ja-VI ClVUJI (J Lai 
J ja. AjjJaJI Ajjjaajll AJLxill Jaia. L_S.1$J ^l Jailt <!La. ,J La£ iafcWI 

** ,.'J ' t — 'Lui« jl 4<LaLuJI CjLjL^II j-a JjL^aa£ t Jclidll Jaj-uj ,j *Luj>-a dlLljS-a 
jia ail jajaj ^gjll Aj-aLuuill L_ llljsll jj£j t^lalll si* ^-1 •'LjJ^ Lu j| 
^>]aill (_>aij ijlxill ^a._all J^ 5 -^' cs^ l— llfcl jj JaAaJI ■ aJ j <_£jJaJI 

jl <LuLjl* jl i<_J£xu j£-aJ La£ .(Jcliill f, lafj ^glll jLiliVI Cjla_a*-a jc. 

SiiLa jj£j jl Ua ^cl^JI (Hydrophobcity) *Lail (jjUI) «j^I <i.^a 
^yjji-Li J (Fine-tuning substrate) aj^II ALjf^a aJJ CjL£^ ^l 
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Bloc«nl>ii ) 



MM 



I. alike formation rm-lhod 



:'» ^ 

(*-»J J > Wjl) jia-^J iiju 

(dia/.o) jj' ^.j* 



— nniirjE — 

Matrix vhapln", 





till 



'■;j*' w * -* 1 

3 - . . _> 
































^ ll'lljl 











, (Supporl binding method) 



lilLi/oli/aliun) j^' -J}-***! 

{'^ ■ ) a*»YI 'ja-i j 

JjjVl Siubl, (alteration) U*l 
ScWftMi jiii 
a^S'i -auai dfiWJB 
Hgl>vii 



A%*1IL ^jJgaJ< Cil3&a^\ jlAja.^ 4^ ^-^"^BBBBJ 
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+++ ++ 



+ + +++ ++ g L . J! Jja fljj diLiiajll (j-a £-^J c^-^ 

+ — H — h H — I — h Li^Laj o^ajiia 1 jj 1 a alalia ^jlcl 

- - +++ +++ A^JAjujII J;< ulJ djLijij 1$ J laoJ A-iljli 

+ + +++ + 

jjj^JI j AjjLj-ojSII j 

+++ +++ ++ + Jclijll 

(Ajji ;-it11 JaLo jVl AAi JjVl 6 jsll 'pH) 
+++ +++ + - Ajtijj^ll SjljaJI l$lajlia 



+++ +++ 



^tLujjj-llgJl (^^^ 1 all l^lajlLa 

++ 

++ +++ + - Uj^j AjLli 

+ +++ + +++ U jajj /a.uu-.Ji i^iiis 

+++ + +++ ++ 2<\ ~, all (_jA^ J » ^lauJ I __>J=ia]l 
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++ ++ ++ + JjS jlall 4-jJ in nil (_5A* 

+++ - ++ ++ SjS 

+++ - +++ ++ j^Uiij 

+++ - +++ ++ elic / ^J'' - 

.Ala. i Jji<_« 4++ S < tjiu^a i+ jjc. l- (!) 

<_JaJ l ya £jjoI j (J^^ AilajAjl ^jlcill jj£l Ajjj '-— nil till jaIJJjII £)J 

J; - aajll li* -3j*Jj .(6.24 j 5.24 jj^ ■ jlajl t<lla!>lj) ^ jjaJI jia all C_ujjj 

(Surface- ~ Sa ■ A\ j Jajjll cAjjaj ^1 ji £j-aj> Lyjaj ^SVc^M oaa ^IsIj JI 
l^jlL-al^a ^> Aju^I j Ai£jij ^ j (Entrapment) jW^V! J binding) 

tAjjj^ia»JI Clll jxuijjll J lalljail J AjjjJJjII (JjjI^aaJI Lai .AjjLjjall j AjjLlajSIl 
l^al.li2uil .laj j^ill tAjal£ll JJC. A-j^jjl^Lall j 4jjLlaj£j1 <LajlLaJI ^IjjS 

.(Regeneration) UAja^j <A£^\ <> j S jL^s J&l l_s jjL 

Adsorption and ionic binding trlfc#' ^J^J oaL^JVI 

aSjjL Jajoul j ^ jA ^lIuJ Je. (Adsorption) oaL^ajVI jj 

4i_iL^all ^Jajoill ^ic 4 iiuj a dl^Liaxj j a i aJj V tAjjjaJI i 111 jaa all g I LlLuiV 

Van Jlij.lili Ajf^jjtLajjfrS ^Ijjl j<« 4ij*j^a 5JjLila Civic, laj Jc. .Ixuju LajJ 

.Wa.jjjj^SI aIJjjI J *Lai] Sjajllll t(Ajjjjl) Electrostatic 'der waal 

Clulaj! j»jjjbU /gJUflall J£jill Jc. /g^j^j La LJlc-j t4il£]l Jjla _jA *l J?.)/! I^Aj 
AjjLjjall j^L^a-oVI c3^J^ J..'.'^ 1 jl V] .AjjIIII Ajj-iia^jl 4jJl*i Jc. j 

(_ji]| i^cl^llj (_£jAaJI jia-aJI jJJ (Jji£*Aa]I -IaJjil 1 ; Ifmj 4jJ j la all oJjAiuj ^gjli 
a jsllj '(pH) (-j.la.jj SI ^3jSI J tojl jaJl£ 4<jLa*]l Jajjjo: ^^Ic. 4ij.ll ^aJ*J 

.(Dielectric constant) *Lij$£jI Jj& Culiij (Ionic strength) ^jjVi 

j al i a^-jVI J - " ' ; /'nil AiLjla ^1 nl ■ ■ la ■ all J-a Aj la aSI o^A ^a 

t_ljjuij tilloA jj^J jl JJC. j<a ^a i a jiuLa ^^Ic. Ajjja. C_L>lclLa Jjiuaijl 
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'"'J.'"'*' ^ « ■ 




(L*j2jfi J>9 ) JiJa ^ AajV! :4.24 JjJaJ 


(,) La.jJjSj^a 








+ 


+++ 


(J^)j (J£l (J£I o^)3 ^loil AjlLa^H ^■Jajoill 3 a 1 


+++ 


+ 




+ 


+++ 


(4 jjaJ jaa all ((JLijJl J_|-^"' AjjlS-aJ 


+ 


++ 


Aj^jLiJI dlljlj^xJI ^jxj ^jj^JI all AjIa^. 


+++ 


+ 


e^^aJl <aajbia AjIjI ' "'^ , ,g -J a £-a Ig ^ laJluii AjLla 












++ 


H — h+ + i mil o ^ A^aJ 


0^)9 j!Lo 


+ 


+++ ++ 2uiLu 


+++ 


+++ 





jia2 (j* j jiLaJt (Lipase) JjLuiil ajjjl (J^al^aajl aJ jSJ .<! jlaxll CjLAaxJI 

AJUi ^a (Polyacrylate) ^Jjj ^> ^cIj Rhizomucor miehei 

(Hydrolytic) <^UI Jkill c^Ui ^ pjiLl U£ (%90) aJU 
cjLajjjVl ^l^aiujl (jlc JIjxII j .(Synthetic reactions) V/i,.^! c^b-liaSI j 



970 



Rhizopus —SI jiaa (> Lipase— 31 ^ji J ax.Ll^1I a_^.iJ 

(-3 jl£l£SI 'i^J_)j 4 gjf>S (jjA-^S j,«u.ul« ^^-"j (J^l j" 0 CeHte SI Jfc (j^a-laSI 

Jc (Xylanase) jl£U j£S1 CaJl - ■ iala c£ja.YI CjllnLuil L»l .ajj. ;-n-. JaLu j 
J (Xylan) j^ljSSI Eudragit L-100-SI Si- 

pHEMA _ SI AaJa^ Aja^a AjJitl Jc (Catalase) jVlj^SI 

lipase— SI diLoj^if (j-aL^ol j t(Poly(2-hydroxyethylmethacrylate)) 
JUSI Jjla^ll cj^Lclia J L^I^LL-V (Sepabeads) Sepa CjLma* ^lc. 
jxjjjl <kJ jj (Resveratol) J jjI j^jjSI s^sl j ^(Hydrolysis) 
jjjjlfuJI CiLujjl (j^aL-a^jl jl 4Aja.La.j CiLinsk (jnn^nW (Laccase) jl£>UI 
(Silica) KjSj..iSt Jc (Chemotrypsin) j^yjj >°^l j (Subilisin) 

Ajjlic (Tetrahydrofuran) jljAsj-^l yr^-Wjj (Acetonitril) <JaJI Jjjijj 
(Freez dried enzyme y^r"'^.' aSl Aj-jjjYI mxlt j* a*jIil»1I I^SH^Lj 

•powders) 

^cUlj jfl J^aJI j°^ all jjj J^laj (_$j3l Sal n^)l Jjjaao j£— II j— 

<— il J>j-a (jj -aAjjVI ^Icil [> (Biocatalyst- support linkage) 

C^LjjaSI (j^aL^aa^'VI ,j LaS l$j|i L^J^ eg-* JaLdjVI j-« p jjSI I^A tllLp j 
'ijsll j Pll fgjjavjj SI ^3^)SS (_><al-a. (JSjJiJ A-mL hi Ajj jjVI JajL^)ll AjjIjj (jl ' lua 

<> (Glucose isomerase) jj£ jliil jl jjJ ^jjl <_>«L^M.il ^ ^aS jjVI 
ajSLui ajj jjI JjLij AaJjl j J& Streptomyces rubiginous Ijjjj^j 
^ AJjalaSI jjAiuJI -DEAE (> cilbj (Anion-exchange resin) AiaJill 
sia iiajj aj La£ .(Tio 2 ) ^ _jjjliii3l ±u^J jliij (Polystyrene) jjjiiuuijJI 

(_Sja>7l AjlaVI j . jjjSjjiil jj£j!iSI (j-aljj) Ai-ji i <a^S liii jj LjC-Li^ AjIaxSI 

Jc (P-galactosidase) Jjjj_p£>lc.-liu ^jjl ^^Jaj Jla-all 11a 

LlllxnalS A_iiaJ.lil ^JajoiVI (a-""" (jJ-uil Jt A-ajlaSI iAia uiSI <jSLuj AjjjjI (J^Ljj A^JjIj 

i-ya. t(Polyethelenimine (PEI)) jj^ynl/il Jjjj (Sepa CjLiua.) ajjUiSI 

0^9 (AjLulu j)-. ') 1 _ s -ic j . jjdSilSI JiK'il j. aaJu all IjA -I ^aJLml liSSj ^XJ i_> >?■ 
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jjj jkJI-DEAE j Dowex— II ajlcj <^1c (Keratinase) jtifil jjSII iiiu2 
. Cilii: j 3 fcuiifl CiL£ j-al! i ilSa « (Hydrolyse) Jjlajl 



Covalent coupling of enzymes 

UaJj I fll ,"<" , J jj£VI ajjj^l ■ " IjiSj 3-ljlLa (j-ajJaJJ 1-aJJ 

(jjjjjJI (_>^Ui.Vl CjVUo] (Covalent binding) 

(JjUtSJ ^ £juiljll ^jill iS^^i il-l^all 1 lua ^_ya .acl.lll ^ 4jlclij Clllc j aa aj 
jjc. ^jjtWtU ^jia AjjlLall oi& (Jxa. (jljjSVI Cllvlclaj j3jJj ~ La i all 

«Llll*ill (j-a (■ ja. SjLua.j i— lllj St ,J o^a*-a]l till*! J^VI J tAjiijJ-all j| jaII <al£ <jl 
lluiull AjLutll ClAiLuLallt (JjcaJ (JjjIjC lgJ£ tllljSJ Igj^ jia V ^^ill Ajjjaaall 

.& jjL clll jj-a till j Aj^aLa. CllVla. ^^Ic a j' tauLo ~ La i J j ^^jLoa]! 

Ajjllill AjIIc dll w"^ (ajlcllb CjLajjjvll ^^jLiall (jljJSVI (j-a 
(_J£ CiLacI -ill . (J.lT.u'a3l iajj^i <j« £jail j ^^-Ic JJJ ^Luiijl -^?-J j 1 -^-' 

qiljnnnill (Acylase) j^UJ j (Trypsin) jj^jill CjUiji (> 
(Multiple-point ^J-^ JaUajL Jalij s.ic J^Lk ^> <j±L»1I Lipases— II j 
Sjai^a CjllLla tCNBr— L J*i»ll jjjlcVl ^ covalent attachment) 
^3^1 j| .s jail l^jl t> (s ^a 50000-300) ji& 

(Carboxypeptidase A) A jhnnn,,^ ^jjV 4_Liij ^> JiSL ^jLiill 
.Sjjj" <jjLii ej-a i_sll tAldehyde— II <^c ^j^a-all jjjlcVl ^ 

JUill £3 jaII (J AjllaVl (j^Ua-VI dVLaJJ -LaJjll J^^ij J^"^ VI Uaj tllllla 

j^ jl jl ^»jjK\t (jijjjJI J£»ii o^iu Ul i_iaj La£ (ajjjVI t> (Active site) 

JjjaaJil .ialaj 'oJc jl is.la.lj 4_Lakj (_g jIuia ^^Ic JaljJjvll ^J^^l ^jjj-o ^ 

4jl j^i ^ai jlLij .Ja.lj.all iJlAxltt JjxSj dlljiaa. a i aJ jjl jia lilllA tdll ALaJ all 
ajjjVI AjibaVI (jkaLaa-VI (j« 4 alia a CllVLaJ jjic alialuil tlj\\l<i t(jl£-aVlj 
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Ja^ jjai^SI j (Phenolic) t*JJ jijall t (Thiol) Jjj^3I ' (Amino) 
.7.24 J£^3I gi ^ AaJ^Vl tjljiaVI Cj^Uj (j^u jl .(Hydroxyl) 

(Multiple-point ialiill j.i»iall ^jLiill Jjjlxjil ^gJacI ii3 Jji.>> 
(Penicillin G acylase) Goj^/inll j£LJ ^jjV covalent attachment) 
a_^U. AJUi li Ljjj^. 1 « Lij. ^ir. <L»^1I (Xerogels) AiUJ Cita^L^I ^^Ic 

cjloi^ j^iVI (Co-condensation) i-a^j j (Co-hydrolysis) J3au 

.^ajjjVI ClLllala 'iljla-a (j^i alaiia Aj_y aC Ac J-aa-aJ AltLall (Alkoxides) 

(EpOXy- ^^uiSjJjVI ^jlc .LaJaJ ^jlc^ ^ j iSepCt ^LW^- L^aJ (-U^aOjJ La£ 

Jataj s^c JiU. jljjjj^ic.-liij ^jjl <> 'based supports) 

cMiUI o^jjaja A^jUj GL-7-ACA _3I _£bJ <p-fructosidase) 
(3- — SL? V^iSu JSLk HzxA fjl£..iHj LjSjUij ((Lactate dehydrogenase) 
tSilanisation— 31 Aulac JiU. ^> ^1 <aminopropyl) triethoxysilane 
CjLuiLu2>. jjjLjJ Aiiu: j£ jl£ (Glutarylaldehyde) JjJj j3*1I AsW^4 <3*i43l j 

.(7-ACA) t*Jjjl jjfuijlliiuJI (jiaxa ^^jjV jl AjjjaJI jjj£jjai3l j dlj£!)UI 
cLijjJaC AJi«-all AiLaJI dlLailgJI ^^Ic U£jLiiJ G ^ j^^"! ftL^ 1 ' ' " 

tJxLaJI jjl LaS .Ajjl^a. AjjIjjj 1.1^. Ajualai Ajllxi Cjlj ^JJJ^ Cj!_)i^a «.UacV 

100-(jjj ^ jlji; ji=>2 Cjlj cjLaLuwJ! sjjjS cjLma. (jjS-all tEupergit C 
N,N-— 13 (Co-polmerization)Aj^.L^ia sj-aL A_kJ jj ax. ji^aj 250|nn 
—31 j 'Glycidyl methacrylate— 31 j tmethelene-bis-methacrylamide 
(J*UJI J\) AJ-iiiJ ^ja. cMethacrylamide— SI j Allyl glycidyl ether 
i Try sin j iPepsin fjjjt t^Aj tCjLajjjVI c±Jl JaJ <> Ijj!& 
'Glycolatej ^Glocoseoxidasej ^Lipase j ^Phosphadiesterasej 
AiLjal .L£jL£ Penicillin Acylase j Cytidine Deaminase j ^Axidase j 
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LSjI^j (Glucose oxidase) jjSjkll iajj f> tiiili ^1 

^aJ^jl 1 i <aj j t jjS jlxll (_yjLuia. j;j SaoJ SOl-gel it AjLaC (_pLa. (jx 4jti> a a 

<ku>a (Gold nanoparticles) t> ^jjjlj Ci l^u ia-i (Pepsin) Cb^^\ 
^koj <_$.ia ^Sc. (3-aminopropyltrimethoxysilane) APTS — SL? 
^1 (Functionalized) aLUI (Zeolites) CuVjjjll £y> CiL^L^oYI 

Lattice entrapment 4Sjj.mIL JUI^VI 

J!>liiail (Jt 4 A ■ all l_ill jSll Clll^jJo Ja.b AjjJaJI '"'I all Clniij ' S-lfrJ 

- 1 ajdjaj Jaj (j-a tilli j i^jJaJI ja^ A\ j j\ i^jVI i_l£^all (jjj -^^ 11 (3^)3 

liljai (gjloll ji .JjVl ^ >all) JjVl ^ Laiu t J*l£ JSAl ( jia-all) j^Vl 

t^lc J14> .(Catalytic site)fj>&U ^ jjh^ j^j -^jll 

(jjtila SAjjjj iaJJ j_5 j2 (_£ jJiJI jia all ;_>a^>*ij V tA^JfiilLj jl aJia.VI <La. 

Jj^aaJ (jl (j^-aJ 4_j| VJ - ^_j\_3«_ail £2 j-all j' f»3^ L>* t^^-iA 

^3jll 4-aj3 JJ*J ' ; Ifmj dljiull AjLaC J!>Li. ^>J_pVI Ajllxil Jjiaajll '-— » J 
-^pblft ^^y^o Ji til' J-a_jjj-a J_J^J .lie. ojl^aJlj (pH) t _lja jj-li^J! 
£3j-all S^jaIJI A J^a, (j-a lillj j J;jaJI all J _&a. _jj t—llljill JjSjoiJ 

JJUa^a (Solidify) L_uLa2 JDU. <> ji t 4-ajXall dil jxul jJL UIjSjI (In Situ) 
tChitosan) j (Alginates cAiiaJVl) ^jj jj& j«>Jj^ 

Ojj^') ^J^l J^>- t> J t(Polyurethanes tPolyvinyl —II Jj^S 
Jiuill) (Carrageenan (jli^ljlHI) i-umjill o^jj^ J ( Liaall J i(qs£LoA\ 

^aji. <llalj Lajb (^LuJ dlUlaxll ojlA (_jLa ^3 41)3^11 jjjlatAll (jj tlya. c(8.24 

Jib <J jVl <-£j-all (Diffusion) jLS3j| ^ j ^Wl 3juL^a ^ ej^tij c_i£ll 

■^n.t,ll 
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Diazo linkage 

/ ^ — N2*CI diazonium salt 




epoxide 

-0— CH 2 — CH 2 — S0 2 — CH = CHj 
vinylsulphonyl 



Arylation - 

CI 

H 

-O-C , N - triazlnyl 

N-< 

CI 

F 



N0 2 

M0 2 n-fluorodinitroanalide 



Anidnation 

NH 

imldoester 
■ C OC 2 H$ 



-CN 



cyanide 



— R — NCS isothiocyanate 

— R — NCO isocyanate 

— 0 

\ 

C=HN imidocarbonate 

/ 



— 0 

\ 

C= 0 cyclic carbonate 

— O 

R 1 

I 

NH 

I 

-COO — C O-acylisourea 
II 

NH* 

I 

R 2 

— CH 2 COCI acyl chloride 



- Setoff's base 



-CHO aldehyde 



J& iSUiil cAs. j+aXL ^ jLiUI iLuj&l ^1 jjSI 4Ji»S :7.24 

Peptide bond:AjJluj <Uaj) j 
acylhydrazide Jjjl jJjIa Jj^I 'amine (jd 
vinylsulphony JAj* 1 " Joii .epoxide au-SjjjI :Alkylation 
N2 CI -diazonium salt fjAOVt <^jj j^U :(diazo) jjl ^Uiuj 
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- Monomer - 



Acrylamide 

Acrylate derivatives - 
A/-vinyl-2-pyrro!idone 
Vinyl alcohol 



- Starter - 



Potassium persulphate - 
irradiation 



— Cross-linking agent — 



N, N'- methylene - 
bisacrylamide 



Covalently 

cross-linked 

polymers 



— Solubilised or melted 

oligomer/pre-polymer 
Difunctional acrylates 



(polyglycols; polybutadienes) 
Polyvinyl alcohol 

Polyacrylamide-hydrazide 

Polyamines (proteins) 

Polyurethane 

Silastic - 



Synthetic polyelectrolytes 

Ionic polysaccharides 

Proteins -y^.. / - ^i.. ja... 

Cellulose/cellulose derivatives - 



— Condensing agent — 
Irradiation 
: Di -aldehydes 
— j— Di -epoxides 
Di-isocyanates 
Water, alcohols, amines 
Stannous octanoate 



Gelling agent 

Counter ions 
Polysaccharides 

Drying"" ' — 

- Cooling 

: Precipitation 



— Hardening agent 

Di-aldehydes 
Di-amines 



lonotropic 
gels 



Precipitated 
fibres/granules 



Thermal 
gels 



.4jjjaJI CiljiajJI jl^is-V Jji^u CiLajjl jU 4Ji»S :8.24 Jiill 

I . UjaiJ <j£lj i<3j_)»-»^ CllLajJp'VI jl -^"'^V IgJ ^Lsll ^>J CjVjla-a s^t lilLiA 

(_>bUa.Vl AcUjuall 5 jaJa all l£UJ -I la^J ^ . .Jill aHoYIj .31al£ll 

'(Malic acid) i^LSUll (.^"^j '(L-IsoleucintL-Aspartic Acid) Ajii^V! 
U .s^c. ^ (Acrylamide) -ii*jAjj£Vi j (Hydroquinone) jj-i^Ij 
i& (Esterase) ^j 3 ' :*juaSa » jal* all CiLujjVl csj^' 

Ai-jL^w ajjIUjIj (Ofloxacin butyl ester) J^VI Jjj jjj u^L-^ jla J 
CiLaj jjlj <(Levofloacin) ^ jlajijlll cLLcjj (Enontioselective) ^Tj- 
^ £ jaaa all (Pollulanalase) jUV jljJI j (Glucoamylase) ,>%J j£ jl*ll 
^-Liijjl (j-o j ajlSillj .pLijll JjlaJil CiliiaJVI (Beads) ^Lyf*- 
Liajf ^.^kiou ^ill (Glutarylaldehyde) -iA^I JjJj jlilU s jUia.1 JjjS A£jf£ 
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^1 (_£-ljJ ^3 Aajla all s^A (jl (j-a ^c.^>j11jj . IgjjjSJ (Ja.1 f^ya • lA II ^^^«- ^ 
A-ajli ^-A Allai a jaJla a Ajjja. till jlia. Ajjia. jjS^I AjjlLall jj 

l^lijl (j^-aj ajjoiSjI diL^L^j t^Aj -Sol-Gel SI ciAjj^jj J ikluil ^^Ic. 

r'll fljiii-^i ^ laaU La^ tA !a_aJ ■ lax <.Lail (jjia) a j£ J i oLa £-a j aIVit « Sjjj iaj^ui 

AjfLpl£.La j AjjUxjS Aijlij j Ajllxi CjI 3 AcjILa JISjoiLj I g »j1> oj (j£-aJ 

^U-j jUal ,J IjjLjjji L5 J^=>JI jaa-all Jsl (liiJi ^Jj 5iUiaj .Ajllx; 

all Ajjljaiuil <jx JJJJ ^gjll 1 it 11*11 ClL/lelidll (j-a Lllla (j-ajj ' " ija J (JjAS 
^jjaJI f.(_£jaJI A_ivL^l Alll*ll Aa.j.lll (j! LaS .^g-aJ^^' ^jijjll LlLbi (JlaJJ j 

jjjs. Ajjliall oIa .(^j^ll jUaJI (Deactivation) Jt^ju u-° L"**> l-h 3 ^ 
(Esterificaton) Sji^VI CiLLac. ^ l-ipaj taji&j Ac jiia Jaj ^ l^l ^".„l 
cjULa& J (Lipase) jUjHI ^1-ikiJ t > J -bjj ^Sll (Synthesis) ^/uXill j 
(Horse radish jl^j?JI jj^ ^jjl laJ jj (Sulphoidation) S^aLJI 
.(Biosensors) AjjjaJI CjluLaiaJI jjjkj peroxidase) 

Cj la j- ui a. ^ylc J^iaJI ^jj ^jjliall si* ^ .(Butyrylcholinesterase) J***$\ 
iiijjj ja^all Ifiiuijj (j^j^ 1 lP ^j^- AlUill (Nanparticles) ajj jjUll t<»^...tl 
(j^i. Jjk-a i_aL^all (Silica-condensing peptide) Kjluntt <■ a^Sj 

CS^"' CS^ LtiJ>^^' AjJjbjj ^ajjjVI A_JLxi c-LLlLlJ Sin (jl (jjJJ j I SjL ■ all 

. SOl-gel SI AjLc ^jic .lodaJ jJSlI AjjlLalU AjjlLa 

Alls-all L£^J! j A WiflU LjLajjlS?! '"n;" J^ljJa 

Immobilized soluble enzyme and suspended cell methods 

(Biocatalysts ajjjsJ Cjljis^all Ciipi S^j^ 5^ uj 
jia-aJI ^ Cjya^j (>ujaij jVI ^i^a j <j ja. ^sll immobilization) 
^1 AiLiaVLi i(Microenvironment) a%SJ a%i Jcj (fjjjVl) c^jjaJI 
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.(Catalytic) Ajj^ill j (Kinetics) ajSj^J a , , ^ ^ aI^MII c^L^il! 

^gj&j JjJ^ 3 <-^Sj cs^" a J*J. ^ AjlLiJ ^jJ^JI all al laHml (_J^I (j-aj 

l_J£ji ^ ajlij Ajjoi Ajjicl (Jilj AjjJaJI llll jia all j. ^-i^. aJ .133 i(Jj-alj!La _a^j 
^ A^kuix 5^aL^a illli L_£lc.lLa (Ja.b jl (HollOW fibers) Ai j^a i_sLJI 

tillifj .(9.24 j£-ill) (Ultrafiltration membrane) ^lall ^j^jjII 

jL^/l (_pa*j j tdll aalal] l.laix jj^J 1 aiu i^jj^JI all ^^Ic. pLuitJI ^^iij 

(_g (jjjl jlaJ AjjlLa dll jj-a s^C Aijjiall a OA a.laj .Ajl j^l CAjSjaII 

j' a ^ all cJJaJ La£ tAjjjjjuia jjc- JJ^JI all A-u\-laj£ll C1l>Lj.}*j]I (jj ' - '..'"^ 



9.24 JSJJ 

V*** (C)i 



0) 



CD 



(V) 



(G) 








c 









jjjll CjI j AjI jVI 1 " d .'^ J *B (Jii^-^ Aj^aLi. *Jj' -*.' AjjaiLla j^A ASJjJall ai& 

jjljkJIj ^LiiK iAlajJI jjc. J jjj^II (Molecular weight) ^AijaJ 

^ jYI L_iSja1Ij (_£ JJ^ll j"^ all jjj JjjJj (J^Laiij ^-ojjJ La£ iCllljjJjjjll j 

jjjl jxJ! j^xj lilUA tj^lj .aJjVI cjLiSjAil JUi J jaLi L 3isu Lax (Substrate) 

4_a jliia AaJdiS Jclijll Jja-a ^ (j^aliijVI Ajjl£-aJ l^gA, j Aajjlall sjlA ^ <L<atLall 

J/ j ^ jaa^al! (Adsorption) oaL^olj * (Permeability) Ajjlijil «.Uii]l 

I - Uf&lt CjLjLaC. (jx jill lift Jill .pLSudl ^ Saj a ^^Ic. gllallj JjVl i_lSjxll 

Jaul jj (tjja ill Cjjjj (jjJjjll t ^ JJ j <J^a) *— ■ 1 J^3^^J UJ*^' Jj^ 3 " *— ^ °J.'^*' 
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-jjjVI Jjiiu:!) AjjUiill £ii<-aj (J j (Lipases) jW^I <->W>i' 

jLjjjjJI CjLu jjt 3_kJ jj ((Acetylphenylalanine-Leucinamide) jM 
Jj-al jiall ^IjjVI :<_5ji.VI ajj^J! aJIoVI - ■ j .Ajjjjat iaLuiji ,J (Proteases) 
(Intermediate) -kua jll ^j-all ja ^ill 4R-(-)-Phenylacetylcarbinol— 1 
Cjlijj^l jiLu^jj jlljj ^l^iuiLi (Ephedrine) ^yj-iiiVI ^juni J ^LuYI 
(jjkauiiJI _£UJ ^l^ioiLi G jjlu.nnill Jjkj *(Pyrovate decarboxilase) 
-L Jl (Fumaric acid) <A>J-* Jjj^ 5 (Penicillin acyelase) 
jiLjJl Jjkj i(Fumarase) jljUjs]l 3-kJjj (L-malic acid) JAJ 

.(Xylanases) jL£Ljjll cjUujjL js^-J (Xylan) 

|_£LiJl Cniuj sJJxla ^laj <"n n"i 

Immobilization of multi enzyme systems and Cells 

iAjfLal! jl SjaJI cAj^jal! jj^l ^aJaj J Ajjsll Ola yual\ .la.1 (jl 

si* .(Singe-step tans formation) 'i-iJ j]l s Jailj J ja^ill Igip 

AjjI^aJI Aj^Lal ij M AjaAj (jx AjjC-^all jjC. dlVjaill J JJ^JI oAiiii ij la all 

(Co-factors) 'i-^luiJI JJ j*JI jj^j i.ilkn jll iillj Jj (Thermodnamic) 
(Phsphorelation ijioill J (Redox reactions) sJjiJI cj^x.UjS ^>6U 
^ j^aiall ^ jjVI Jcliill jl jjSI ja 3_&aJI J jLJI (_>ijja jx j .reactions) 

aJc J jJa.VI Jj-JI I^A (jc ,g i oSill j»j .lal . jlj ( _ s ^ijjjl Jtlij j! Jlx<u£ (Jclioj 

(NAD(P), ATP-dependent -Jl J NAD(P)_SI ^lij> Jc. ^Uic! £d j <Jis 
CjL£jJI (> CiLuj&l <> £jj ^likiuiU 4 systems) ATP 

Ls.ii& tiilliij a^jjj Lui j^jjj sjc-Luk JJ jc Jl 5iLjaVlj t(Substrates) aJjVI 

(JxLtll 1 — c-ltjll (_>u4ij LlLol jj AjjJaJI CjV_jaall jx jj£I jl jijjLaC. -iilj 

(Thermodynamic AjJjaJI aAloIiJI cAjjjjll (^Ljjjl) Jj=^ j t^cL^I 
s u,,„ jii cjUiiall Jjjaj t-jaj <uli — ajIaxJI tijUal . ajil Aufcl jl i equilibria) 

(Co- ^ ."^ 1 a "I CjLaj_)jVI ' AjLutl [JxJa all jx iJjLiuJI lift J .<c.jjau 

j J immobilization) 
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CjI ^jxuj lillijj t (Active sites) <!Ui]l ,*il >*il l«j (Intermediates) 
a*]Lj JSUlo ^Uj saa V! .(Rate-lmiting steps)Jc-^ JjxJ sjSLoII 

lg ■ '■— « j 4_li.,u]1_i a^d-mall (_i-o\ _J*^J t—^jjpj I (j-a ^ja i alt ia.U (jU'V'i 

Jj^>Ja (j^ ^jj^l I^A t _gJc (JllLallj .LlLaC Igjlj (Jj^ajjll 1.1a. L- lxj alt (_g^J ' Q^a* j& 

J^ilt) (L-tertiary leucine) L- A^ja jJI ^Uill (jj^jjH! ^ji^j ja <-yinll 
.ajjLl4j^1I jI j*3t jrliil (J (Chiral) yH^J- 4 ^ jJalEll ^j^c J=>auj j j '(10.24 

(Multi-enzyme systems) CjlajjjVl sa^ia ^Jiill cauu jjL 

.aJ.}*laJI jl aJjiiall 2'y*W ililajjjVl jl a jaJI l£UJI J ikluL Sjjlla 4jLa*]1 

<ALl\ Ajjj^. jjS ,J^I CiVUJI jjj (jjjaill t . i-> j 4j| 

aLa. j. av^iuidS 4_ia. JJC. 4 i L^Jlo «-lj>al jl aLiISJI L^laJI a jaljuU ^ill 

. (Single-activity biocatalysts) jll ajIUUI cjl j A^aJI iiil jia-JI 

I - Ua j AjaiLuia. AjjjiaJ JISjuiI £-a L§j3 J-alatill ^5jaJ <UlaJI 

AjjJa. ^ic JaliaJI JaJ Jj-a IfrLaC. ia j jJuJ LLj j Ua-uJa j Ajlil] 1 Lllal Inin ■ ■ lllaJJ 

L£/LaJI A U, J j< jjAiall dlljLaC. £xs I JULall Jjfui ^^lt t<lL=JI ai& (jjaljJJ Ajla SI 

(Anchorage- ^^Jc. e.iaS»-a]l ^y^ill L^LaJI j>« £-a j ajAoII 

•dependent) 

(Immobilized, <y*JI jjc- £i£JI Lpi^JI pJaj Jlaij t<jlia.VI <^ 
cjULac. t_jjaLj JaJ ^ Sjjaiall CiLaj jjVl CiLuj ,J non-viable cell systems) 
CiLajjjVI cLLiuil j (Catalytic stability) AjjjiaaSI ajjLuI! iijjJ J AiKxll ajSjjII 
(jSI <a.L=JI jjj ^> t JiSI 5JUi a%j (Lattice-entrapped) -^y^j Sjaja-J 

al ^"unl jS^-J dll_jaa ail ^- lifc ^ Aj^aLuLa! a j\ » lali '— 

Aj f 4 ^-^^ 'l>*I lK^J dlLaJ_)jiU A ax uaxil JaLiijVljl jlaaa^UI Cjlc.!^>a.j 
AiLiaj .^jjaJI jia ail (j^ (jjj S-ia.J <J^ '"'^.■7'^"'^^ (e^ (_paliajl ClljAa. 1*2 j!Ls 

c(Diffusional resistances) jUiijVI A-ajlla c5jlaJI cUiill aJ ij ts*13i 
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(jLaj CiUJU-all Jla jl .cjLulttll jl (Surfactants) ^■■^ jjjjII 1 - ^ ■ « 
(Single-activity) jJI AJUill cj|j £L!La3t AjjliJI cjIjj aa^mxll jl t JLa^YL 

1 a j Li jj jjJn AilSlI ,_j^alajl lg-}3 jj^ '"'J** I li oil dlULnJalil] 4jjuAi<a 

.JjjiLoll aLIJ IjjxI ■ ""'^ dll«.lja.l La£ AjLaaJI 

^ (Glucose isomerase) jj£ jliil jl ja* jjjl ^ jil cjjjjj 

iaAlj (Intracellular) "lsj^- (J^^" ^jj' j^-a^allj aj&Lu^II AiLaVI 

^gJc jIj,<u,i,iiIj I g "I laliml i^J^- ' lua ^la-ij 4-1 4^JA*3I LiliJI '"" (_£J^> tAiKll 

.(Packed bed reactors) o 3 .^ j*^ cll&iL* ^Lu^ll ^jioiJI 

^JljlLlj t(_g J^VI dlLaJ jj^l ajja^JJ (jjijoulLl dlL^JUua AAjjjall ojA llllaj <aJ j3 j 
Jjj^JI ^joj . (jjJ^jjAll) gj\lalt j (jj^jlill) ^jVI t_l£j-all ajja^J ' ^ 

. Ls c\ i > all JL>all 4-a.ikIuiJI ojA Cufnll AAJjia ^^Ic <^jaJ <!lal 5.24 

4 irill iri-^j j»jjjVI £iL& i'njnll jjjU 3.3.24 
Effect of immobilization on enzyme kinetics and properties 

j£<aJ Cilflill (jl V] tlai> l-^a (jj^J jl j£-«J ajjjVI j' j)^ f^^)^ 

La SjIc i^jj^U q^L^j (Enzyme kinetics) cjL£ j*. ^4 3 
jl oS-ajj .(Enzyme specificity) ?*jH\ aj&jj ^ \rAk\ \\ jj£j 
(II) '(Steric effect) Ajcljall j JLill cjljjjfc (I) :<JJje Sa& liA 

. jLijjVlj Jlajjl t-iljiib (III) j (jjiill Cjljjjb 

Conformational and steric effects jaSIj cj| jjjU 

Jj^j ^1 t (Enzymes specificity) cjLajjjVl ajc ji AjJUi ^Ukjl jl 

J j*J tLpJJ Lu3 ^ajjiVI dllllja. tiLl jjfc jl 4 sL all ^jlcj^Ll iaLijjVI (JL^. ,j Laj 

4jjj1I (_5 jlaba ^ic ^jj^l (Conformation) ^ CjI ^Jj SjIc 
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^311 Aj^jLijll Jajl jjll jj£aj ( JllcJI Jk. .(Tertiary structure) 

4_inl] ^jJtilUj t^jjjVI Ij-Iaj ■ . (jl t_i]lall j ^3^' U£ 

Liu jl LS .^jjVl <J (Ative site) Jl*ill aSjaII .lie ijutfl 

^Vu.iJ (Re agents) <-^ilj^l jiku ^jt^l (Denaturation) ^* 

.(Entrapment) jL>ia.VI (jiljia 





ul4 41£a iU* L£U. Jc AJiaS :5.24 JjJaJl 












(j-'^Jt"' 1 iSJr 3- " J 1 1 1,11 












Escherichia coli 








c^b -Cis ^ttil 

(J-a ^iJlllQlOQlOl^ UJJ |J JJ'^J LA 




Escherichia coli, 
Pseudomonas putida 


jipVI (>> el-all 4il— al 

— S _ll f A rhnnmtn 1 pV \j Clij 

(Cyanovalermide)^l jJli ji-^ 




Pseudomonas 
chlororaphis 




^ la ■ j ialiijl 


Saccharomyces 
cerevisiae 


Jjjllj jLj^VI (>i -llA^llJ^VI 


jUS^I 


Rhodococcus 
rhodochrous Jl 


jL^liijjlij (3-Cyanopiridine) 




Rhodococcus 
rhodochrous Jl 


(Nicotinamide) 
Cis S-(-)-Limonene 
carvone j transcarveol j 




Solarium aviculare 

j 

dioscoreadelto idea 


(Sitosterol) J jjj^ ji^ 


^ la ■ J ialiijl 


Mycobacterium sp. 
NRRL B-3805 
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(Androstenedione) jjj.imla.jj.ij1 

L E U3l 

(JjjLu all j 

(Chloramadinone) jj^ol jjl£ 

^tiil i(Deladinone acetate) 
i> (Predniolone) clAA*JALH 
(Cortisol) J jjjj jjill 



Zymomonas mobilis 
Pseudomonas AMI 



Arthrobacter 
j simplex 
Bacillussphaericus 



Saccharomyces 
cerevisiae 



(StenC ,-C.ljall (JjIxjI <JE. jilt j jal La Si £a.JJ jl Lkiajl (ji-a-all (j-aj 

^1 (Substrate) ^jSfl Jj^j aj-ij^> 4i« ^ 1-0 hindrance) 

fjjjVI Ajllxi (j^alikj! j ajlSj jlLa^lj ijiilUJ! jijU .JUill £3 jJI 

4 <j1cj .AjjjLia]! '"'j/"'"'^ iaj jjoi jlii^l (_DL^ j-a t Ig-T-io jl 
La£ glii<afl J jl J jVI jl t(j^aLi laAaJ ^jjiVI Ajllxi j^J-a "M- 4 ^ j^M 

i_uuij ^ill ^1^11 j* (Shielding effect) i.^-sll jifc 

j*j Jc ^jjpVI (Spacers) ^jI JL^] J^U. j* Ajcljill jj| j*JI 

(1,6- ^l-iJI j^Vl ^Lii -1,6 m^j- 0 '(Bifunctional) Alkali 
^jLiill jljjaVLj a^UJI cijjbj t^c.Ua£ tdiaminohexane) 

. <-aU.,jal s jjiic j^aj <ixiLu-a]l Kj\j,„tt j (Glucoamylase) jXal j£ ji& 

c^lelaj j£*j 'fjjj^l (Activity) J UjjjLj 5iLia] 

.J jla a]l ^-i J^ C5-^ " °»-ij^J-a Uafc iajjj-a]l ^jjj^l J 
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Partition effects JL^l ^ >tj 

Jajj aJU. ^ (Hydrophobic) U jl£ J U ja^i* »ct^t jj% U^t 
(Enzyme ftjjjVt 4j£ja. t*3jLo ■ ilSaj <jl ^La*ll ^ -ula t^d-ilb ^jjjVI 
Sfo<ti jUjji Ciljjulj ljLic. ^jc ^gia. jaJI jajjjVI ^ ja He CiiLall kinetics) 

3 alia a jj£l JJ Jja.j ■ ; ^^l (jj^Sdll til! jiilj La _aAC. l_£/lla.VI I^A J J*^ 

CjLijjI j tCjlaaiaHj t^LJjVt CjL£j^1Ij ^(Charged species) AjjaJLJ JjL^ill 
^J>6U (Microenvironment) ASAill ajjJI ^ t^lj... Jj^jj-i^J! j (jj^jjo^JI 
Ajlijliui jjiSij ■ia.jj ^(Bulk solution) J jla-al! ^ij tiulall 

.^U ^ ajjIo diliaJi cjlj (Electrostatic) 

f&J$ /j (J^^-j (c* 4j_)ajJI CjIjjjIj] 4j.mL.uV I Cilia llSI (jj 

dlAall ^j^j!>U (g^? JJ-^M-^ f^Jr' *SS^-*^ frLaJjui Jlaljl £-a t(J!laVI ^ lla 

J (jajiJI ajjLc JJjaJI |j| J&VI (Alkaline pH values) ajj^I oL>j 

.(jauill 4^LajJ J-al _aaJI Cjjl£ 131 J&VI (Acid pH Values) 4j^a_&AaJI oLaJ 
U.-' "■-'j"'J"..' < ^ fi_>^ (Jj-aVI -gija.jj 11 UJ^-y '(J^"*!' J^" 1 LS^ 6 * 

^iauill t_JLJI (jjjSfl J^«ia ^jJc. t'mJ (Chemotrypsin) 

(Ethylene) ujIAjV I : u=lWj^ <> uj^ 1 ~ (Polyanionic support) 
<^sJI jaj (Sia.j 1) sjaJ j s^.j - (Maleic anhydride) lilylLall Jl jAj*^ j 

■4 ia uill L_±a. j-all (jjjlj^ll Jj*la ^clj ^gJc ClllLall liljj 4<JjSll 

- (Polyornithine) uAp jj Jjjj* uj^' ~ (Polycationic support) 

. A ' la^aaJl 4^a. a oa» j 1 .5 (J J*^ 

j| 4 4j _aajiall CjLl£^all (J^jSJ tl^jt J Cjl jljJC-VI (j-a liDLlajl j 

La-lisiS (Jj^ all 4li£j ^jj^ ouill ^)jVI -J 1 (jJJ t^cjiall jl ^jVI L_l£j^ill 
^jj 4_j\i c \ ia ,*\t ^^jLm - laJ i nail ^jjjV J t<la uall ^l^jj (^jVI t_l£j-a]l 

L^a ALSjll A%5I J <J*jJa _axJI A%5I AjIjVI SjLall ^^l&l jj^JJ (^Ic J j^aaJI 
tSllj (j-a Ajluull AjJUill ^gJfcl A-ajS ^gJt J jjL^aaJI ^JJ La£ ' Jjla el\ aX& ^ jA> 
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4a. jJ La.lic. <il VJ .(Neutral) (jaoill J-iUia <_llla J lalj 4la. J (jaajJ jl' 
*ijll J (^Ljjl) J_jaJ iilU& (jS-a-aJI (j-ai 4(jjaj]l jje. CjIjjjIj 

• jja >La afcb Jc t" 1/1 .nil ^jjxiU JiLoVI (pH) ^g-iia. jj-li^JI 

Mass transfer effects JLaijl £j! jjjIj 



ClsljJjlll (jaxuJI (j^s ti_iL^a i_illa J jl Jc ^3^' LaAic. 

(> JjVt ^^ail ii V <iV 4a.l j2 jl (Mass transfer effects)^]! JlSUl 
(Active site) Jl*iJI (Bulk solution) Jjk-J 4l& j> jSiij J 

Clsljiilj jli t4-i^l.,,,ifl jjc. ^jlcll liaiijx ^jjj^M jla jjj .tlllLa]! ^>jj\jVI J 
J j i U jjiaj JxLall ^^a. jlaJI ~U,„N i jjjj (jjja. iasi 4ja. jla. ^ Aliall JLaoj! 
JJC j^ylilll gjlall j J jVI i—laj-al! jli i-lalj f.Likj Uatax 4jja 4(Jc.lilll Jjla-a 

(jja jL&jVI la$J <$k s jail jj .(Diffusion) JJ^ih Nernst <lJa 

gjlttll j JjVI L-laj-aJ 1 ! j-a (J jla all <ljaj ^Jajoilt jjj jjajill 

<Jl3Sj| dlljjLl Jj 4iLiVLl Ajli t^Lui* aclj Je ftLpVl '''J.* 4-Sla. J Lai 
Ja.l.l]l jLuoiiVI 4jJa <LajlLa J_ja.j I ■ oj jaA*]l ja tAja^a ail 4_ia.jlaJI Ajjail 
<La jLLaj (|jj jjVI Jj J^aJ ^gla i_l jSIII jjC L* jLuUj! Jila. c*13j J jVI L_l£j^i] 
jja JJ J jAaJ Lull! ' ^'-^ * 3 -'"'"'^J • <J J jaj gjj all jLilil JjJa 

^jaii l** Ja.|j (Substrate concentration gradient) JjVl i_iajJI 

j' aaluba AjIc. CliiLall ^JajuJI ja (jj^utll J) AjLuLaSt £<a jjajall (jlalia j| Jj 
.(JjiSIjlaI! slajVLl (JjlLall gliall jjajj J jAaJ Jc J j^-aaJ! ^JJ Laa .^ajjjVl 

JfrliiJI SljljxJ JaJJ AliaSI JL&il ^jaj ^jlaJI jLiij^U LCLa 
All jj ^-a L_l (Ja.lj J jVI t_l£j-all jliiiujl jLuc^Ll iaAj j 4^^-ajjjVI 

(JfrlilS! J.l*_a (jli 4 I . lfuJI (jjiil j 4j| Laa .^>jjj!>U ^C-IaII ^lajaill (j^i AiLuiAll 
Jcj 'Jjil 4->ajAll j^JJ J^ jLaaVI (J&liill Aal«J itilliij .Lviall j'"'^ h 

.^^ajlaJI ^C-IaII ^iaui (j-a 4i1..,>Lftll 
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Miscellaneous effects 4&jiL» &\ jjfc 

. jLSjjVI CjU (Steric hindrance) ^1 jail <jjl*ll jiib JiU. ^> < 
(Kinetic 4j£jljaJ dul jjJI jli Aiuis ^jjjVl J£ji <j| L£ 

(Michaelis-Menten) o%a -^Ajl^ c4j ^t) Knij Vm constants) 

AcjjoiJ (J- 4 *^ fO^' ^rj L5-^' <-j£j«all (JjAjS-all 

(_5>il ^ll lilt (j£ ' atiaj dlAall ^J^iiU J' aS3l 4JCJJJ0 ' Li ajl AjjLul« 

Jl AiLubj .^jVl c_iS>all j fUj&1 (Affinity) Ail^l J jjJj tjaJI 

J>_yu (jl (j^-aJ Jill j 1 gjjll** 4iUa J AjjlLiII CjLaj_^jVI • J J^ lad tiilli 

■ i daII ^jlcill -I i-v'i.il Sic 4is-\\-\ i jLijj^l diLajlLd JJ 
Synthesis of chemicals cjbjUa^l jaluoi 4.24 

Synthesis of oligosaccharides cjLjlwJ) <i£Uii jjI^j 1.4.24 

Ui^> (Oligosaccharides) cAjjUI crisis J£j£j 
Jill (Glycobiology) aj*. jfDUll ha. jl jjJI - J IjjjS ^iViun j tdiUSjJt 

dll Jaa SI S^J^C 2JLi 4_a^_a jh o 1^ 11 ^jli adl! (jl .aIjIa Axilla dll LuJaLj lillLaJ 

.Ajlia. ajjIIo ^ jIjjJI ^juAifl b> '(Multi-step) 

Jliijl J& (Glycosyltransferases) JjjjliMiJ! ciililj CjLyjjl <>aaj 
(Saccharide cAjjUI c£L\1 (Monosaccharide) cLjUl ^iaj 
ji*Vl jjjSiUI l\u±J> ^hil jk tsiii Jc. AlLaVl j .acceptors) 
4-glycosyl t(p~ 1 Jjjjl^lr.- 1,4-1% <Mj ^.laiuL (Acetyllactosamine) 
cjh&bj l-iL all jjJall ^ji.^iM ^jjjVI lift fJaSJ jSI .transferase) 
'•"u^-u.il La£ .(Sepharose) jjjliiJI Jc. (Tetrasccharides) CjLjIuJI 
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CiljjjjjLa-liullj (a-sialosides) cjIjjI jjJUoi-UlVI Jj^ & <J a v, a\ ,a\-\< 
(B-1,4- Jjjjjjx-l,4-ljjj ^lalj 3_kJ jj (jjxi^a-all <(P-mannosides) 
JjjjjJ-N-1,3-\jjj cj^iali c^Aiaauil .monosyltransferase) 
^jJI ^jh^M (P-l,3-N-acetylglocosaminyltransferases) JjjaJ jjSjlc. 
AiK j Sjjlj cs li5 JjjjljiUJI CjiliU J jjc. .(Polylactosamine) <jx»l jj£V 

Ol ;<j all qa Ia jjc. ^1 AauuILj AjlSjja ^^A 4j1 j$\ Igjl ,'^J* 

Jjkjll CjLLc (J (Glycosidases) J.ijjjl£Uil CjLujjl vyiJ jSI 
(Tansglycosidation) Jjjjl^liSI Jaj J (jjl jill Ja j f ^ a. J g/u^MI) o> j£*xll 

AjjS ^gA (J£ ^ aJjajxll ClLajjjVI OJA .(Lj£ja. <Ua jjjja-all CjilcLajll) 

Ajjjxll t-jlAaC. CjSjc a2 j .AjjjJaxll CjLjjAaII J aaJJ jjl Ljjl£ J J j 1.1a. <Uaujljj 
4-ksl JJ Jaj| JJxll Jjl jj£ jill L_l£j* Ajl^aaS (FuCOSidaSe) jl-lljj£ jail fjjil I ja.>» 

(P-J^ji^^-^ 3-linked fucoside), (A-l 1,3 -till 

-1,6-tillj -1,6-Ijjjj i-l,4-tSjjj t-l,3-tjjj j> J£ ^A^l Galactosidase) 
1 1 aj| '''-^'"'i CiUjluill Cj^Lla »/<■ -* j_J iillj£ j .(Galactoside) aj) jjiSVlc. 
3 - aja j (Precursors) 3ilLu cAjSj* ^jjaJI Jjj^II jjjj t L£UJ 

CLjluill iIlJUS ^jjj odl JLxi (JSjuaJ LjjIjj ^ ...T^ all E.COli L£La. CllAjaljJ ^a3 

I4J ciLixll (Analogues) 1«jI jjJij j (Chitooligoszccharides) 

n Igjll i al i rioll jl (O-acetylated) jja^mS jYI s ji .jjc. JikuVl 4c j*^ ^ 

Ajl^sI jla AjjlLall ojA Igiaaj (Jill ^IjjVI CjUUafi. jl jjc. .(Sulphate) t-JJJJ^ll 
» ■ ojll Ja.1 jjx IjjL^jsI jjjlajll <Ll3 jjc. lfrl*a J Lax ' M .'J" 1 

(J Uajjjl CjLij£j-u1I Cj^Lila ^jL ajl l*l ^*...l jiSVI ciilljll jUaJI j 
cjLajjjf CjLajjjVI s^a j .(Glycosynthases) jLW- jSaJUJI ^Lajjj' J-ialJ 
j^axj j i mrt ^^Ic. 4 ! sjjj_aj sjiiax (Glycosidases) jl.ijjjfLL)lc. 

LllULaC. (jV ciillijj I g llaj jl jjc. (jx j^lj 4 CjLj jSjoiII CjiLla ^li ad ' - ua J S i la all 
gjlall jx 4j11c- tllUUaC jli tUjjjaJ ^ 4jjC-ja1I jjc. (Hydrolysis) Jjlajll 
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CjLajLo (jx liilij CjLijSjjiI! CjiUla «* uS ^-liil Jc sj^lall jtiiiuij£jii]l 

c4jjtLall s-lgJ J all £JjjijJ Ajxjj .£jLjj (JSjjU 6j2j2a]I (JJ j j£jiLxJI 

^tijV (Glycoside hydrolases) jjjjSj^LJJt jV jj-ija ^> CjUjjj! s^c jjiki 

-4 j ccellulosligosaccharides) 4-linked ^-1-1,4-1% JaJ jjj jlail 
(4-nitrophenyl-P-^iLaVl jjjSUI <J&*J _ tk? - J^jjVi 
j — 1,3— tj^j iaj! j jj ^Jajljial! CjLijIuJI CjIjcLjj J <acetyllactosamine) 
-tkj jt— 1,3— iajljjj aLjI (Mannosides) CiljjjjjUll j t -l,6-ljjj 
t> %60 Jc Ajjj L« Jc Jjj^aaJI aj .(Glycans) cA^Spj>l\ J -1,4 

4iLia] 4-iLaC AjJUi o-jLj I.1a1»3 cS- 2 ^ <jr^' CllLajjjV! a^A J J&l 

cja j j^Vi j tjcl rtijj Cjlpliac Jjj^aaJI j i(Grycsylation) JjjjSj^UJI 

^tijj Jc oj^la jl^l jjfL£>lx]l (ja CllLajjjl Jc (Jjj^aaJI ^aJ iljkjiA 

sLuauJt t^jjjiJI jia all o^Aj .(Thioglycoside) ^jjfLjvlcjijJI 
Ac j-fta-ftj AjaijjJI CjUjUI ^.iVh.n (Thioglycoligases) jUJ jij 
(Nucleophilic) ujj&tyl ^ ^ ^ t c£LUS (SH-sugars) JjijJI 
.(OH-sugars) jjj^I ^c 4JaijjJI CjLjSjoiII t> 

5jjjaJI C^Lja^l ^ C-C ^1 j £*i«aj 2.4.24 
Synthesis of C-C bonds in biotransformation 

4_i*jjjL<aj]| J cSJJJ^ J -0 ' J* C-C iajljjl ^jJ^JI ^jl) adll jj 

jlijiBI dlLajjjl 4 U , „l LljJ^. C-C iajljj ^jli -»*' ^JJ iLutJjia Ajjj caaJl 

(jla lillil .aJcLii« J-al AiKJI ATP SI cijlLja. L_ilkjj jJI (Ligases) 
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JV ji£ (l>^jj)j ((Trans)aldolase) jV (o^jljj)—^ csj^ CjLujjVl 
.cjIjaVI sa& JlaJ ALiaLJI ^ t ATP L-ikls V ^1 i((Trans) ketolase) 

iTjlLiija-5- ^jjl o^l t(Phoshorelated precursors) 
jrtijj ^ 'Ul^kiui! ^jLaj (2-deoxyribose-5-phosphate aldolase) jV j& 
t— il j jl L j£- a j ^Sll CjL^^I ^> t Vu^i ja j (Epothilones) ujJjIj 

jV jjj^ _»a c^jil '(Pyrovate decarboxilase) cAi jj±A\ jjj^ 
Jjjjall <_ £j-a ^-ii ^ LIU. <J.ikiJ csj^j iC-C Aisuljl ^-Lla (Ketolase) 
jjj-iiaV! ^tijj Jaj^jll (Phenylacetylcarbinol) JjijjjlS dA?^ 
^jL^j^I jinll j (Acetaldehyde) ^l^-illi^l J cAi jj^l ^> t(Ephedrine) 
tiL-jijjjjll o±«^ ^rtijj fjj£n I^a l^ 3 ^ ^ .(Benzaldehyde) 

11 (jjii ^lijj pLLaj t,jjjj£]l ^jjliij ^L^j^liiuiVI j-a (Pyrvic acid) 

(Benzoylformate cA^jjaLjjiiJI jiU^jjjllij ^ji jA^j L£ .%80 
(> ajuJj \cy*^>l (Carboligation) ^jjj^I iajjll decarboxylase) 
a^o-iJI A*jjia]| jj& cjl.1Agj.1W I j (Cyclic aldehydes) AjakJI Cj|.iA$jj]Vt 

.(Acetaldehydes) ^l^ltkJ^ 

1 g Injaijj tCAAjj]! l ya !>L^al 4jj_^*-a]l iCl)LaJ_)jVI oaA ■ 111 iff (jj 

Saccharomyces j ^Escherichia coli ^ j (U^ _?^) 

<JaJ ^ Ajjff. CjI jaa^a ^jaj ^ t Pichia pastoris j cerevisiae 
ijA'y ^ t(S-R-cyanohydrins) Rj -S cAjjj^U £iu-aj 
(a-hydroxycarboxylic Jj^jjj^ o^**^ <^^jj-^ - ^ ^/"^ eUJI 
Jja£ll jiLal -1,2 J t(a-amino acids) uS-A^ii^l ^U^Vl J tacid) 
.(1,2-diamines) cAjAjj- 1,2 J (1,2-aminoalcohols) 
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(Enontiomers) cA&j\*oa1\ ^jj^JI feM*^ ; 6.24 Jj-i^l 


Ee 

(%) 






tjJjpA\ jit n\) 


98< 85< 


Jj^-(R) 


4-Benzyloxy-3- 

methanesulfonylamino- 

2'- 

Bromoacetophenone 


Sphingomonas 
paucimobilis 


98 (i) 48 




Methyl-phenylalanine 
amide 


Mycobacterium 
neoaurum 


96 96.7 


^ "(S) 


Methyl-(4- 
methoxypheny 1) - 
propanedioic acid, ethyl 
diester 







-Cis 






"(1S,2R) 




99 


Jjj 1 - 1 LM 1 Indene 


Rhodococcus 




MB 5655 




(Cis- 






(1S.2R)- 






indandiol) 









-Trans 










"(1R,2R) 






98 






Indene 


Rhodococcus 




(Trans- 


MA 7205 














(1R,2R)- 










indandiol) 










J j-^-(R) 


l-{2',3'-dihydro- 


Aspergillus 


95 


045 


benzo[P]fliran-4'-L}- 


nigen 






((R)-diol) 


LS ^j 1,2-oxirane 


Rhodotorula 










glutinis 








(3R)-cis-3-acetyloxy-4- 




99 


48< 




(l,l-dimethylethyl)-2- 










azetidinone 





.^jlaai JaJ! 6* %50 (l) 
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jlaLiiSI <L«jJ£. A )om ■' j CiL&jA ^j* 3.4.24 
Synthesis of chiral intermediates 

^ (Enontiomer) .^Ij <J^j* £■ jL^a jjlj La LSli. 4iV t(Chirality) 
.AjjlkJI AJUill dlliaj ^jill (Racemic mixture) Ci -aj J JjSI ^j^W 

La t jijJlt (Regio selectivity) aj^U ajj13jjI j (Streoselectivity) Aj&lja 

ClAjjLajSj ^gjlj-al! _)]alliSI "LaJ-iC iajLuij ^LliV oljl 4_JjlLall (J*^ 

^jli aJ ^ AjjJiJI till jia all ^l.lkjjJ ^^ic <SlaVI i_>a*-J 6.24 Jj^aJI ^-iL .ASAi 
.^Ij-all ^jiallill <Laj.l*-a Ajjait-ml dll .1^.1 J ^Ij-a c. ■ -"■ a 

' 'j"'"'.'' i^J*' * " ClL/lclidlS ^^i-VI CjliniajSI - ■ aJ 

SIS i Ia» ■ ait AjjJ ^LuJ JaJ (j* fJSfjxIl jlallill A_a.lxia]l (Synthons) 

i.ilVin (Multi-enzyme process) CjLajjjVl SA^tla aj1*c <J tOmapatrilat 
iCjLujjjail si.^flll Ajj^Vl j sNAD/NADH ^cLoaII JJjJI 
Acliall (j-aaj (ji! jjja jjc. (Protease) jLjjj^' -SaAi ^ill iCrixivan— SIS 
(Reverse ^Uil ^liijl .ksia j tAbacavir— SI J 4 (HIV) 

i_jUpSI (jji jjjs j HIV o* jjjs cjLL^I (ja ^iVuiij transcriptase) 
i(Herpes) *LjaJI jr^UJ joyi.^!! ^Lobucavir j ^(Hepatitis B) B £>>SI <> 

'paclitaxel SIS ijUajjuiB SjL_ax]| ajjjYIj j JjjiiuuljSiS s^L^aJI ajjjVIj 

(- ji 4 (Micro tubulin) CjLmjVl ujjjjJ depolymerization —SI Aula*] JaAall 
.^jjil ^Lj^a j AclialS CiAS JxLc. ja j c)- 1 5-deoxyspergualin 

(Acylion .-*Uj...< jjjSSI ji^V ■ suSjSI AAac. ^jS-aj 
(Pyrovate CjlijjjJI j!>Lu£jjjllp ^jjl Lai ^1-ikiJj condensation) 
djLajji JjjjinSI jXjuSjjjIIjj ajjjl jl tSjjAaJ qa decarboxilase) 
JjiiaSI _pUuo£ jjjLSjj ^ jjl J ^ jiiSJI (Benzoylformate decarboxilase) 
(Acyloins) cjbjjLuiVl -(Phenylpyruvate decarboxylase) ^jja 
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<jjlaia t(A-Hydroxyketones) ^UjjjS ( _ rU £ J jAiA-li]i ^ ^1 

iiDLinSU ^ jlkJI (Chiral center) ^ jlaliill ^.1 j 

.igi3£l\ cj^ltlij ia£ CjUjjjVl j] ^ Jjj U« t %98-%87 

Redox biocatalysis S^jaJI cjLLud ^ jjaJI Jjiaiil 4.4.24 

p-ti-iyi cjULuo (jjj j Jli (Redox reactions) s.i] jiJI c^l&lij iaijjj 
(Stereo-Aj&' J (Regio-selectivity) ^Uaiill <> tAjjl&jVI 

ajjUoj^I jI j^il t(Enontio-selectivity) ajjI^I a£ jL^II J selectivity) 

dj^lcUill si& jiaJ .AjjJVIj tAjfrljjll AjjUoj^I tlllcliuoJI <J A-al^ll 

i-iS^I JclaS ^1 (Oxido-reductase) jt&i; jll j jliu^jVl ^Lajjjl 

jjjaaJi jJij uli li^Sj i(Co-factor dependent) sjcLuiJI 
si&! ajLc. jj^klf sjjAa^ AjjUslI (Bioconversion systems) lSj^' 
tNAD + /NADH :CjL£ja1I JIoj .Jlki JLij Aii^ill .icLouJI JJ jxll jjji 
s^L-JI J-M ADP/ATPj FAD + /FADH j t NADP + /NADPHj 

(j£ Lj^a-o ^Lj-iJ 4LA£]I La^^LaJI J Iklml (jLja^H ■ . lift) (J! .Ic-jJji <Li.lia-a]l 

■ ■ liaJJ ta^C-Luiall J-al jJt-U JJ&J lilliA jj^-J - 1 la«JI j ^cliixJ! Sjlij Lului 

Oxidative biocatalysts Aj^yuSbfl ^jjjsJI &\ 

aLSJS (jjjia o& (Oxidative reactions) S^Vl cjM&Uj lass jlxu 

jl^SjVt '(Dioxygenases) jlij^j^^jVl cjULii t (Monoxygenases) 
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djLjjjV aJUJI cjliukill fjjso .(Peroxidases) jl-i^S jjjjSI j (Oxidases) 
CjI jlA (Ketones) cAjji£SI Monooxygenases— II 

tBayer-Villiger £>i <> Jc-Sij jjc. (Lactones) J (Esterates) 

(Terminal Ajajiall cAi£lVl <> ((R)-epoxides) jjjI -R_JI ^ttijj 
j-ljjjj (Aldehydes) ^L^-iSI <Jj (Arenes) jjjtfl Jjj^jj ^alkenes) 
Jjjjsll j> (Hydroxybenzaldehydes) Ajl^jalljiu ^.^jjju^I 
Dioxyenases— II ^yjjl ^wwij .(Substituted phenol) J. ^ . nJ 
j^As^JI Jic (Hydroxylate) Jj^jjajI^I ac AiLjaV 
J -(Diols) JjjI^I djljjjVl j (Cyclohexene) <^SLJI 

(Nucleusides) CjIjjI jjJSjjjll s.iu£l Oxidases —SI cjLajjjl 
Sialyl ^ij (Regio-specific oxidation) a^UIII tiija. ^> U&jj 
.(Pyranoses) jjil (Selective oxidation) ajjI^VI 

(j« ajujI j Alu-aj <\.~u~i. tl^j^ia (Laccases) jl£iSI cjLajjjl Lai 
((Aryl amies) JjjVi cjlyJ j t (Alkenes) cAi£SVl j tAJ jVl CjL£jJI 
(Polyphenols) JjijaSI gJj^lj (Phenol derivatives) JjijaSI CjLiLLaj 
^) (Lignin) u^jlSI aJ'j^i ^ .(Polyamines) jjJ ^jJIj 

oj3 dllj AjSjVI CjLiSj^iSI (jj^J La-lie Ajl La£ .Liajl Jj' S-^J- 4 ^ f<— bjiaJI 

1- X-a) (Mediator) UaLi>a s-^aL ^ <jla 'aJIc. sau^I j JljiLl 
(Intermediate ia^j ^Jj ls^SI '(hydroxybenzotriazole 

J jVl i— iSj-all a.i. n<L Ala ,iu£>aSI J^>*SI ^jL tlmkj t^jj^LS substrate) 

o.iui'sV Uj-al^kiul a2J Peroxidase SI ^jS-<yjjl aj. u uSLi 'Ijj^.1 j Si 

'aldehydes— SI (Aromatic hydrocarbons) <oIa*]l CjUjjj£ jj^JI 
(Chiral ^jTjJI j^LnSI AjL^jaluj ^1 (Suphide) Jjj^jSj 
(oxo-functionality) oxo— SI ^^ij^jSI *taVl JU.jVj 'Sulphoxides) 

.dilSJaJI A^aALaSI (Dienes)cjljjjl.}SI 
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Reductions JlJiiVI c^lcLii 

^ic (Asymmetric reduction) j^IHaI! jjc- JlJlkVI V 2 

(N0n-^jl>all jlallill ^u^l J JJC. J ja^£ e-UaC-Y (Ketones) CAi jllSlI 

Sjjxi. ^Jaj Ailii^ ajjj2>. CjI ji^ JiU. tsllij recimic chiral alcohols) 
J*i£i (^jS (Dehydrogenases) eg*. jj-^l Cilc jU Acjjia cLuji j jjill 

(jj^jjAi^JI <c jtij iPseudomonas ^1 jji j Thermo anaerobium brockii 
(Hydroxysteroid -ijjjj^ jj- 2 ^ 1 UK" jjAj* Ac jU j (jL^J .i£ ^ 
(jl dip. iGeotrichum candidum jiai <> dehydrogenase) 
si* J^i] ajjjj^ ^ ((jp.jjA^JI jjL^a) (Reductants) CjVjIlJI 

(Formic c-h 3 - 4 ^ j jj^ j^' j '(2-Propanol) J jjLsjjj-2 j (Ethanol) 

(j-ajJa (j* ^acid) 



(Co-factor) jcLul»JI J4UJI J3) Ja -.7.24 Jj-iaJ 



JeliSJI 



(phosphoryl) Jjjj^j* 31 



(aetyl phosphate) jiSI JinJ 
(acetate kinase) CjIjawVI 

-Uli ^ (glutamate dehydogenase) 
(a-ketoglutarate) 

CjLo jjiSI £_o (formate dehydogenase) 



ATP 



NAD 



NADH 

NADP + 
NADPH 
(flavins) jj£U!l 
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Regeneration of cofactors SjcL*aJI J^ljadl 

(Co-factors) s^cluiJ! J*l j£-aj V 4Ajt£jj-aSI I $jaK i_iuu 

J.!^ piii-fi J (NADP + /NADPH J NAD + /NADH) 
^> ajV liilil t^j^aaaSI ^ jjsJI jjia^ll ^ (Stoichiometic agents) 
Sjc. ^cLauJI JJjJS Jlxill .ipajll ^»Uaj (Jjj jl .{in Situ) j-all 
(TTN) (JUp.yi Jj^ill jjc jjSj jl j* li* Jja (jSJj (CjlAkLa 
_»& TTN— SI jl .Uijjxi jcLuiJI J^Ull {Total turnover number) 

J-alx]| (j* Jj-a o^a. j J£ ;> t'lK *n ^1 gjiall (Moles) CjV J-a ^j >^<i S 

(jl (j^aj (Rule of thumb) j J&tij .icLuiJI 
jjl jiJI ci^ j51 tjjjkfl Jii J^lij 10 5 j 10 3 TTN— II *-jS <>£ 

J-aUJI IpaJiS <3Ui CjbjlLa Ljjl A^jj^lj A^LuuSjJ&SVIj A^Iixl£SI 

^ 2 jjlL^II AjjlaliVI ^JJ (jl^liaj (jpljVI (jJOJjlLaJI jl ■ , Ail VI . -IcLuiaS! 
<LaVlj .LjSU. a all AjxujjVI AjjlLaSI jji ,*ijj-a TTN ^ylc J jj^aaJI Ja.) 

• 7.24 J J^?JI ^ 5-a^La JeLabaSI J-al*JI \; laoS AjAljjVI (Jjl jUI ^git 

(Pyridine jj-ijjjLJI ^LjjKjjj JJ jc aj^jJ ajj^JI CjIjj^LuSI J^iij 
Ciliui jill jja.jjAiA 5x. jU jjoJjI i al iSoSI ajxj jjVI Aljjiallj s^cLuiaII nucleotide) 
Ajjlla NADH— SI Jj^iS jcl jSI j=jjjVl ja j ((Phosphate dehydrogenase) 
(Cross-linked A£jLiia Aj^jji CjIjjL ^I^lLjI i'i'u^i NADH— 31 Aiaa! lsj^' 
^ .(Cennamaldehyde) ^Ln-JI ^tssj JaJ <> enzyme crystals) 

(NADH- J ja^JI j NADH— SI j* jj£J L^^all j±?> jjjja Ac jb ^jjt 

.A£jLiia Ajxjjjl CjIjjLj alcohol dehydrogenase) 
NADPH— SI jj»3l Aij^JI cjljj^kill Lai 
(Soluble pyridine AlsLiaS! jjAjjjUil aujjKuS jLua.jj.iiU ^1 jj 
CjV jiLxJI (> JjUj La JlSjl jisu ^jll nucleoide transhydrogenase) 

•NAD(P)H_ SI j NAD(P)_!I j^ 
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<> jjiLlI (NADH oxidase) NADH—ll J^^J ^jjl ^ 
tNADH— 11 4ja^£I t.\ ^ fUll .il jJI j Lactobacillus brevis ^.ji&t 

__ll 1$j2 gjjj y^H NAD + — II jj^i] AJiilaill ^Lojjj^l AiLjiall jc LjjS 

. ^Lalll H2O2 

jl ' j* j^"l (^Aj^) (Jj- 1 -"^ '^J^J^ 1 lSJ^- 

Borrelia j Z. Sanfranciscensis Lij^&j j* jijij^l-all SApaJ NADH— 11 
<Jj3j Coli— II yi (Over expression) -laljalj j;iu»jll j burgdorferi 
tjLw t^juj NADPH_llj NADH—ll <> <_£ ^ S^^JI J^jVl cA-jji 

• NAD(P) + _1! l^JjiSj 

iS^cLuiJI JJ j*JI jj^j Jaj j* ajjj,>i>,-^I (Electrochemical reactors) 

|j> Jcliall jl olii) a2 ja3 t ciibjir , ^i\l oIa ^ ^cjILjj .AjuJ j (Electrode) 

oli filj (Ultrafiltration membrane reactor) <jjlill ^j^Jill 
(Hexanol) Jjjljli$JI ^ju^i jjiLJI NADH—ll ^La£jj$£1I aj^jII yi 

.(Cyclohexanon) ,^1^1 jjjl t> <j^^ 

Ajiaj J^t-a jkj jl i_Laj V .aLAHI l£UJ ^l-iiU (Monooxygenases) 
^jU/ Jy ? j,^jVl (Activities) clJUi j- ^^Ul NAD(P)H_1I 

CiUlLxi ^^1 laiLi 1 1 j jl jS-aj 4j£l n—aU. jjj 100|ig ^j*- i_5-il j£?-jjAM-l' 

si* £-a JxUiUj .(Resting cells) a^.1 jll jj^ Lp^k pl.iiiuAj J ^lc! 

' j£-aJ La£ . j^sl jia (J£j.'jj JjAaJillj ^IjjVI 'iJ-fl-j jjl jt Jajio JJAju Aaj Ja3 cdlVI-aJI 
i'iI j, ^J) 'iliioll ^c-LuiaII (J^lxil W"i CjLajjjl AiLial 4iillj) jc JjJu£j 

Ij^laJ I " 13 - ■ bj3 ^Jji?. JJ^VI j 4ilii_al! AjjLLall Lol .Aial£ll Ajjli-ll 

<jlUi jAiiau ciiuo ^ jjiall P450 ? jj£ _^11 (Directed evolution) 

•NADPH—ll cjUlkLa (Peroxide) a^jj^I t> ujJ^V 1 e^ 1 - 
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Combinatorial biocatalysis ^U.iMI ^ j#aJl Jjiajfl 5.4.24 

JU-o (Combinatorial biocatalysis) ^L^VI lsj^JI Jy^ll 

^juiaJ ^Jjl) jjiaall Clll jl-i-^ \ Ajulllall dlljj^ll (j-ajJaj 

AisJ^i! j t(Glycosylation) Jjjjl^UJli JalijjVI j t(Acylation) 
Ala i(Reduction) Jjii.VI j (Oxidation) s^£Sn j i(Halogenations) 

(j£-aJ ^gjll j «.UJI ^>f^ <s-™ AiLia]! ■ 111 ;<j all ^j-o d aa i <a dllc-j-aa-a -^JJJ 

AjaUjlall ■ " ll all (J^-^ (J^ t>° jl sJJ^ CjUjJja. sLouJ oJijLo (jj^J (j' 

(Lipase) jIjjUI ftjjjl - ^ tjllall Jjjjj .ajjIj^II a&1u^i\I 

£Jjl (j-a lillj j (Ester) I jka] 24 (>a Aj j£a Aja.La.ljl AjlLa jjj^aaj] 

Jja ^ cJl£j* c±^j (Aromatic alcohols) ^jj^ J_»=^ cAjSj* 
C 4jLibo jaj ^jlc j .(Acyl) JjjuoS/I Ac ^aa-al cjUjLa£ (Vinyl esters) j^-VI 

j ^-Lajjl (j- 0 t ~ 1 ' >Lajjl J lajjml j Cj|jjiin]l j-a Afcj^aa a ^Ijjl 

.AiliLJI AjiuiVI <j^aLaa.Sn <> ^jJJ j (Peptide synthetases) 
Immobilized Enzyme Reactors ilulafl (liilelia 5.24 

AjAijWI Lj^ifrLLaJI i Llua3 1.5.24 

Classification of enzyme reactors 

^Immobilized enzymes) AioJI CjLajjjVI CjLLnkj qa 

.Ajoialia jj£VI ^liilUj t^A^I ^_4*ia_4-a]l LaJj < A C.1 J i all (Jla-a ^ al laJjjil 

ClAvlc-lLall (_i LiaJ ojjajj ^aJ Ajfcl *'■ alt CllLLaxJI ^ AjfLall l_jLaJ_)jVI ^IjaJjjit (jj 
(^ift Aj-ajjjVl (I^X-liall ■ 8.24 J ji?JI O^J*^ • 4^-">Vl Ajjkajilt 
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(jAlJ La£ .£t2La]lj ( _ S ^J$\ L_l£j-a]l ((jU^)^ l— iLluijl ajl . ^ j J.lT.u'a3l ia-aj (jjoLuil 

ma -» c^UJ ji1 JKi 11.24 J^JI 
dteUA ■ Llyaj :8.24 



<*3^1Lj (jjjLi_a]l (_paj^JI JclLo 

(BSTR) 

(Batch stirred tank reactor) 

,JSll JJj^ll sjlftj JclLa 
^Uajia]I ^jQ-^ ^jja^^JI JclLa 

(CSTR) 

(Continuous stirred tank 
reactor) 

(jjai ^ijj s-Uic. jj-o CSTR 

(PBR) (><a _«J-a J-a J*5 jj JclLa 

(Packed bed reactor) 

(FBR) Jims j*^ jj JclLa 

(Fluidized bed reactor) 

^Jjjjl JclLa 



0.1a. I a 4jt3Ju 



II 1 1 nil 



ll 1 1 nil 



Batch reactors 



UjH £&z\1a 2.5.24 



ClsLajjjl 1— lljia all La.lic jA CivlclLa Aj3 a ikluij La jjj 

^ jiJ V 4 n'llLi j idlLaJiiall (jc ale J^xiiJ lfrL-a3 all V £ Ua J t<is_La 

. IgJUaatiuil ojlcl JaJ l^cLawjILuil 

(jli i Ig-al .liluil ojlcj 4ja.ljj _aA ^jjjVI ' " 'J /'"'^ 4.1ijUJ^)]I i_sl.l&VI (j-a 4jV J 

4jLac 4-illali (Batch reactors) <*iiJI CiM&lLa ,J 4inJI ciiLajjjVI JLa*iJ 

J^l^,j , Ls ^j^\ j, jaaJLj all ^lawjjjjl Ja»l (j^i ^AjiLial Jj-a2 AjLaC. jl) Jj^aS 
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(Stirred tank jjia all ^ jaJ! JelLa -I ^"...i =2 tLaj^a .AjJUi] BjL.ua. lilliSj 
^ jjll ja j tAilii. j J&lia (j-o (jjSij i4j«i^]l Aljjiaj J-a*JI <J reactor) 

ojljaJI lafi <a ^ Ajiuij Jja. ^j-aJ ^ttjuiJ ■ " Ua j ClilclLajl j-a LamjVI 

j 1 11S 13 iAjjjJaxJ! jjc. ^jlclll£ jflll (J^aa j jl JJC. .(pFf) ( _ s -ia.jj.l}£j1 aiijJIj 

jJcLLo at jaUjuil j at ■ ad AjjaJ »J liilijj iAjC-jVI (J <aa j jaJI (_£ _j3 J*£J 

<__>/ JS^SJ Laj iLi JaJ.i jia-all ^q.nnn <eiSI (Basket reactor) <LJI 
<L> b jaJI Jciial (Baffles) ois J j& J A*aWt (Blades) 

jj JclLall _aio ( jLjaJI)LjLluijYI iaAJ jjjt'ij (j^Sj CjiLtlLall (j-a ja.1 JjJJ 

SjIcI JclLa j&j : (Plug flow reactor) (sjIauJU laju aA\ jialll lJju^\ 

jj^aja jx3 I i jj^! (j^ U^"*J iS^ '4*3j1I (jl JJJ ajlc-l jl ^j^^ _JiJ"^ 

J£i |j j^. J (Fluidized bed reactor) JIu^ J (Packed bed reactor) 
^ jji* ja c^lclialt (> £• jill liA .(Coated tubular reactor) i^jd 

jj£! .a.la.1 j]l Jjixiull s jjj «.l ja. JJC- CjY jaj ^^Sc. (J jj^aaJI <ULa. 

Jajjja jic 4 (Kinetic data) 4j£jaJI CjULu t-L^UajJ Ja.! jila all <J Jj:^* 

ajljjd (j^-aj tlua. 1 . '^"^ "< Jc-LLal! ^ Jjjalll jj^j liUijj cjjjjill ojlcj Ja»_a 
4li£]l Jlaiil CjIjjjIj (j^ajiaj Ajjl^a] ^ <_ 5 iajj ^jj-a JaJ ql .^gljalij JclLaS 

.ajIIc t_jL>uul jjj Jiiuiaj t*lli j (External mass transfer) ^j^' 

Continuous reactors S jaL^I c^l&LLai^ 3.5.24 

AjiLail ciiLajj6u (Continuous operations) Sj-aiuiJI cjLjia*JI (ittLaj 
i(Batch processes) ajuuJI tiAA»*J Upjtia ^ja-SM cjljjJI 

- i a£jU 3)1 j^-a-i La£ 1 1)1 xVi 4_ic. jj lalt aj JjxjuoII <lj^joi j iLJI Laj i all <lj(g 1 11S 
AjJUjII Jj'' " ff l _yaj^JI (Jc-lLa '. jjj . at i a) (jj&jj SjaIuiaII ClilclLa]! 

JclLtj {Continuous feed stirred tank reactor) (CFSTR) S j*'n u J I 
.(Plug flow reactor) (PFR) (sjIajJL J> j a^ J I) L-jLuayi 
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o 


o 



1 



CO 



T« J Y 



A .♦. 



T T T T » 

»Uili Jeli. 



J.:...:. »U£JI >LL. 



(jc. Alaioui (Conversion) Jjj^ill a^j^ (JLu tyJliaJI CSTR— II 

ClijlSj (jjiiJI <_T>Li. L>° <-W^ (_J£-l2lJ 1'oa ■<■"/. g\ jlaVI <jl£ LaJlia «.lc jll £3j-a 

j^l J J 4 E jUJI ^ j^l US V-ij ^ CSTR— 11 Jib cJjjiill 

Axo*j3 i^llall PFR 11 <J Lai .Aji&ja guiflll jjSljJj Aj^aikia ^JjVI 4-£jJI 

■ - J 4(jjoL-uVI (j-o ^_><^^ ^J^J j»^*l J (JelLil! J jia ^^Ic- (Jjjaull ^-^J-^ 

. Ijjl 4ixuUla JclLall (Jikb Jajjjill (jj^J V 

(_£jjjj^all (j- 0 *jV) CSTR LS ^C- Jj > ^ 11 (j^-aJ 4jl Jja. 

(_Lwajjll 1.1a. I -la i all (j-a 4jl jjc. c(J«l£il ^j-a]' ^3/°^"'^ -ll^ J^jfi 
^jJtuJI J. aaJ La Ulfi. Jill 4.m£U.,o3l JJ jxll j-a JjAxll iilU$i . JULa PFR 

(Velocity gradiants) t— il j^ill a^j^ j s J jaJIS 'J^* PFR <jii^j JJ 

.J j$\ i—lSj-all alt jLoHiVlj ((jljjaJI) i— iLjjuuV I oL^jl £-a oiaLtlall 

ojUiil 1 (J?'"^ jo""' ■nil Je-liall ^ jj J jjjj CjI jLijcI S^c tilliA 

dlljLufcVI (JjjLjI Je ^jla jA jJjLtxill jiAl .li.1 < a all JLaxIuivU 

(Michaelis- jii* -^1%. ^LSj^ JJ "LwulLa .(Kinetic) AjSjaJI 
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CSTR-SI MlksJ tCSTR _S! <> > PFR _J ^ <Menten) 

<SU. .PFR £ J j^jJ! ls^- J j^oaJI <_M u-° 

CSTR SI J' a^J La£ i^alijj 4 S£ uLall oi& (jli t^cHaSI (_Jj3 (j-a t — 1 J-^ 

<1L^. all (JS ^-a jjjil^a (jjjLaj ^ gUj all (Jjt.a-1 £SJj-aSI ^cHaSI jj^JJ (j) ' " Ua 

•illij t PFR_S! Jc. Xiaia CSTR—SI l^i jji ji ^11 ^4 8-saJj 

.(-IjVi l_l£j-aSI <_Jj3 fjM I SalfS t_J ■ J La^jc. 
^>J_)jV ' 111 J' '■*•>■"••< a dllL-alj-aj JelLaSI ^ _aj jliiiwl ^ I i ajj Jjjj 



-I laHuil £-a il!La iUjjjjuia (Ph) J J ^ ^L)^ ' ''" UJ-^J La-lic 

J&lLa J CSTR—SI ((Penicillin acylase) ujb"U'u.^ 
cj^lia ^Xa J&f (Batch stirred tank reactor) <jjjai-»SI jail ji 
t^tSjJI (Shear) o-Jll cs J^k <> ^IJ ^ <A<J .PFR— SI 

^l_jj| ^-3 AllLaSI CllLaJ^^' (3"° 'J* "I j. ^■v"i,„^\l JaSS - laJluU <jl I ■ L^J 

•CSTR-SI 

^ ^jJiJI aSt li& ^lAaJLul pl^a. tClsl.ll JjouVI Jj' -»-^ j iai i ialS ^JjjaSI 

Lal^kiuil J&Vl ^jjSI) (Packed bed reactors) o 3 ^^ j*a cjli c£l^lLa 

4 JluwJI j*iSI |j> J&lLaJI jli t JSLLall ai& ^glc ( ■ iSiulS .(PFR SI Cl^lLa 

4 J ■w",,.! jj^^a-aSI (j-a tPFR SI J CSTR SI (jjj 4 lajoi Jla ^ ^-^J^ U^JM LS^SI 

Jai i <aB u Ja j^iSs ^-aj 

^ jjjuSI ^ Xalc (Reactant) J&laLaSI ^^1 dili^al j-a J£..:;u 

(JjI _jjuo1I L^iajlj <laklaSI JJC. <aalaSI jl j-aSI j AjS jVI CjU£jaJI (jl . JclLaSI jLji^l 

'CSTR— 51 Jl^SI i^l i cj^LLaSI ^liki^U U^aiaSI ^ UjlSI 

(JclLaJI <SLa. ^3 (jj£iui La£ t Jcliall Clljlioijl J jj^aa. J ala ail (j-a (_)juS dua ; 

. (__)^a_aj^a^aJI jstaSI (_£ j 
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4j'it n\\ <!LaJI (jLoU ojj£iall 4 alia all <_LjI j*l! (Jjlaj (— laj t(_Jc.lLa]| ^jj 

. AjIvIsIuAj a i la all 

4jJo&ill jjjC JaU jVl ^1 jla-d 6.24 

Biocatalysts in non conventional media 

j 

.111 J3 AjjJaJI (— ll jia all (_£ jjjjJall Jclid]! iajui j a jliiclj «.Lall (jl 
CliULac. ^ AjjjLjVI CiIjaaII .Ia.1 4_jl ^^Ic. a.lpc. (jiijoil Ajc. ^ij^j al laluil 

4j| dAjjj js s j^U ^.anuifl li& 4j| .(Bioconversions) ajjj^JI Jjj=^' 

La Ale L-ajj^aa. t'LjjjaJI dll^ia all ' 111 ijjUaj £xu jj (JJJiJ .Ijjall Aiil Aa.1 

(Jill JJC- JaLw jVl a ' a3 -s-Lall <J JSLajVI ^luuJa Aiclilall jl j-all jjSj 

(_3j3 (JjIjjjJIj idsljlxll ^j'-— « Jj '^'j' CjLijiaJI (j-a <J£ Lj-al .laajail j_J^a. 

aJijll b^a cjUj^jOa-aj CjISlks JjLu aj jal .(Super-critical fluids) ^ jaJI 

.allil 2 alia all 

hy^d) JaL-jSfl ^jia-JI 1.6.24 

Biocatalysts in organic solvents 

ClLuiall ^ ajjlVI/cSjJaJI all J laOj^V JjVI 2JL«VI Cu*J3 iil 

20 (j-a J^l -1" c-Lall (a-ljUall) CjLiSj-al! (Jii^ <J^' ij-a AjjjJaaJ! 

SuiLaVI (_>^La^VI (>a (acphealanlb i " ,> ^j' 1, u^h ^!ui »^ <^La 

(L- (Aspartam) aljjL^YI tcjUla-all ^Lujj '(Protease) ajji j^salj 

(jjjjV^ajjiill ajjjl jj t aspartyl-L-phenylalanine methyl Ester) 
cjLajjjf al.ikU j 4t_jjia£ (Ethyl acetate) CjLuJ JjSyi j (Thermolysin) 
cjlli jail ^jjj j t(Esteriication) S jL^Sfl o^x-Uj (Lipases) jLuill 
^ j '(Interesterification) 2_dul| s ji^Vl j (Transesterification) ^Lull 

.(Enontiomers) 2JjTj*3I 2c. jL^all cAj&j* a-^aS 
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(jjVil i «\\ (jjjjkSI jj cSJJ»JI JjjajJI diliualj^ :9.24 Jj-^l 

jalallj JjVl t-l£ J-^ 
gjlall iaJJJJ j JjVI ' . '^J*^ Aj-aS J (j^aliaiY! 
^ jja 11 jia_a]l j ^LiLall ^L^iuJ 

CjIjjU J aJUJI jUll ajCUjI 
Jclsiill jjjl jj (^li jjl) cJaaj 

^j' iaatll L-JjAaII A Saj _jj Jajjjjll jl/j (_£j;iaJI all ^LlhajI 

(Jc.li!l]l JjL«j Sjlaj 

.(9.24 J J-1?JI) tllljj-a o-^C- Jc-^ (J ^Jj^axll t.uSrtll JLa.j7 jj 

ji <iL«ll J JDlajVI AjjxjJa t_jL£j-all AjJ^Lajl AjjL jj jllaJ <_£ jj^axll l_ijialU 

(Volumetric AjLa^JI JLaAjjyi ojIjJ ^jjj j$i lilljjj <SU-,JI jjc. 
Jj^ J (jj^Vl Ajj>a JLaij la£ .Jctiill productivity) 

^jll gHall Ajjj Uj JUll Jkjll Jclij (Equilibrium) jjl jj (^jjl) 

jia all (reCOVery) ^La.jlu)l AaLaC. (J$-'-"j Ua-a t(_5 j^axJI JJ^ Jj 

.((Extractive bioconversions) ajj^UiJ Ajjja. ja^) ^jiallj lsj^' 

jajjjjll Ajjl£-aJ ^jlajaaJ J^la. jj-a gJJ all (j« Ajtiijj-a Cjl?.UaC. J^'^"' (j^-aJ tiillj£ 
a£.j]ljj . AjjC. j-all jjc. AjjjLaJI C_L>lc.lijll £J-aj ^cJJ*a]| jl JjVI l_l£j-all (JjS (j-a 
.sj ja. I i <aj| dlUj j la all jli tAjjj axil CAjJ-lall al laJimV till JJ-all s-JA j-a 

iajjjj jl (Denaturation) ^-U^ajl Jl ijySaA ^jjiaJI ^jjj j1 jjLaj jj 

.(Jc-lijll AjLafc aliaj IjixJ ojljj Jj L^aJ^J '(£ JJ^-M all 

£jj jj]l Jj3 Ajaj jjl Jjjaj t"lljUr. Jc. V jl a j& Jclajll alaj (JjjjiaJ aj js! 
Sjjla Ajjjj£j ^Ijjl ' °l ■'"'^ £-a tlji.j<aj al laJlml ( J 

jJaJI Jjj^ill J J^JI I j* J*^> ^j (j^ 'AjjkiaxJI JJU-all J ja. jj j-aj]l Jc- 
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eljj 4_Lal£ll ClUlVl j^i ^ J&l ClUL^aV JL>all gjoiij La j&j tljljij J&l 

Uj^ajaj ^jc Ajj^^all CiLul£]l <_s.il ^auuII j! (Tolerance) J«^l .-d »u*,„i 

Selection of solvent c_ui»ll 

tj-o ^jLw-a ajjj^J j glial] yJUl (Recovery) ^L>jiu:VI J^iy 

^ic i(Organic solvent selection) ^jjiall ^liijV jjjU-all ,=a1 

(Chemical stability) ajjIj^I ajjLj^I '<_sj^ clL^\ ^ j j« ^jll 
cjUkiuw Jj1£ jau 4^. jiII (j^U^jl j ^(Thermal stability) ajJ jaJlj 
(Non- c5 j-^JI < J 1 ^Ml ^jc j t 4__ijla]l Liu: jVI (Emulsions) 
.ajjc-jx LiaJ 4U jjuj (j^liiJl j SjAaJ jjc. A*jiiall j tbiodegradability) 

(jli i4l Y'it a Jajjjoi Lumj i ■ U 1 all AjjC.^ (_£^>aJ ("iUi (jl (jja. (-3 

(jjj -laJjll LllVjLa-a e^u j»ljsll j»J -l^l . (j^Li J^U" 3* LSji^ (3^ J^' 1 . ll 

(Jill AjjUaj£l|— AjjIj jjall (j ajl L^aaJ <_>axjj CiLuiall I alia a (Toxicity) 4_iajai 
lglla«.lj^s ' " Ua <_^a 1— iIjjAaII i ijii aol 1 g * laJj J (_$^)^- t _ s 2ll J^Lt_*JI j] j] 1 1 ^iLaJ 

^ sj^Lajj (Laane) ^ -4-^^ (Polarity) ijLUiJj ,j1*jj cJS. ajjjsJ 
jjj a1jLu*1I a£1*1I t_kjLO jj ( Wageningen) i"c .1 j a^U. ^ Ac I j jll aJ£ 
(Partition coefficient) (jjiill j (Bioactivity) AjjjaJI AJUill 

^jjxJI .(log P oct ) *UI/(Octanol) J jjt£jYI j>ll ^LSII f Uiill ^ ^i*U 

(jjlall) AAljSlI Ajj^jU. log P oct _>JJ .HanSCh jL*~<l: 

LpSlj ci_jUaakuVlS Sa^jalLi Igjoij ti^jajl ^ ^pll ^(Hydophobcity) *L«11 

g^Lajll l^J-iJJ (ejll tfllj (j-a ^jJaJ! j-jflaJjlt ClV-la-a £-a J^ 3 ^' Al-lljia a£Xc 

CiVL>all (J LJU. Hansch jLu" - 1 ^"^ "I • l t j j^ Sj.i Uo*.,„t tj i c , iLajtall 

Luia. jl LiJj^>aj Ia^j^j (jS^uj 4f.l j^ll Ajlljii AjojIjJ (j* AjjIj^I! j AjjJal! 

(Rekker's ajjUI aaIj^IL i_siuiill Rekker cjjIj Ajjlla ^jla (jc 
CjV jla_a Jiu ^Ljalt ^2 LaS .hydrophobic fragmental constant approach) 
Log P oct dyj (Empirical correlation) Ajjjja^ll a1sL>L»1I a£)1*1I ^ j^il 
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AjxjoJI CiLjII Jl jjV (jVI (jSl j tAjjliul AjjjaJI lilt jia all AjlUi eULiluil j 

. I Ala. ^ajg U JJC. ' ■ U 11 all J AjiuiaI! 













« > 


< — ■ » 


• 


* 
1 










log/' 



.log P AJa (enzyme coefficient activity) kijujh) ^ali» tlijiuil : 12.24 Jiil) 

t> <_£j Log P oct l«j Alibla a&Ix. s^Ujj (Laane) 

<j]Uij AjiUJI L£Uil (Epoxiding reaction activity) s^jjVI Jc-^j 

Aj j£-a Ac jiLo JaLu j! <J (Anaerobic cells)Ajj! ja !UI L£UJ3 jUJI ^tijj 
cLijUj log P oct i-ia AjJUiSI cLLiuil 

(jjSj 4<il]jjj .(12.24 (J£jill) (S (J^-" 1 dllj) AjJjj.ftTJ.ui lllLjla La (Jjj aa SI ^jj 

cA-aLu: Sjlft (Inflection point)«.l jjSVI ALaj t> Jat log P oct A-ajS ^ cjLuiJ 

I - Ua 'IjJJa. A_ajlj-a «.ljj]YI Alakj (j* CS^""' ^g P 0 ct £-a (jj^J (_gjll c^IAj 1 aJJJ 

(jjSj 4^»lc. (JSjlIj .(JjijjjaII ft} jfl all (jjl^ll (j^- 1 "'^ J'**- *' "I 4-ljjlVI AJaij -lalxj 

AjjoiLla jjft 4 JaSluix CjljJJ-a Liuj 2 (j-a (JSI log P oc t (^1 CjIjjAaII 

'4j 2 (jJJ log P oc t ^-lli dUjiall AjjjaJI AjlUill ' allkj Laiu J^l Jja^'ll 
^jC. Axijj^i CjUjA^ (jj^ji 4 (j-a ( _ s Jftl log P oc t ^-i'- 2 (— iVjliAaII (jj^J Lajjft Lai 

.(10.24 Jj^aJI) (Apolar) ^lU^VI 
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(Biocompatible) L>»a. oUU) : 10.24 Jj^aJi 

(Log P) Hansch jLuw cluiA 

4.0 (decanol) J j%aS 

4.5 (undecanol) J 

5 Q J jh^Pj-^ 

(dodecanol) 

7.0 (oleyl alcohol) JjV J J 



5.4 
6.5 
7.5 
9.6 
11.7 



4.3 (diphenyl ether) Ju$\ Jjiia ^JUS 

7.9 (oleic acid) <4jA/^ t^ 3 -"- 

4.2 (pentyl benzoate) cjjj jiu Jjjjjj 

4.9 (ethyl decanoate) tiujj\£jj JiS) 

9.8 (butyl oleate) oUjji^ 

(dibutylphthalate) 
(dipentalphthalate) 
(dihexylphthalate) 
(dioctylphthalate) 
(didecylphthalate) 



1006 







i'\ u & 0 ] 1 'if it 


4.0 


(Tientanes^ 


U ... 


4.5 


(octane) 




1. 


(nonane) 


U Jr 


5.6 


(decane) 




6.1 


(undecana) 


. i f ■ v r i 

jlSjAjYI 


6.6 


(dodecane) 


jl£j.ij.JI 


8.8 


(tetradecane) 


jl%2l JjjjS 


9.6 


(hexadecane) 





■ alia a (jA 4ilia-o Jalaj lgj3 Jj^aaJI <Ul i4jj£a_all 

.<_£jliJI I g 51 oic- ajl . ^-j. _a clila jjall ' . ujulj li& UJ-^J U^°^ '* '^■Ufl?' 

(^Lj __>^) ' . ""' (Jc-^-a^ (J " 6 jljj ^ ' , iaa.j] 

4j]Uill jjj Ui-aJ 6.11a. ^J-iljJ 4i>lc. lilLiA .j^aJI ^1 log P oct ^ la S <J 

j Nocardia j t Acinetobacter j lArthrobacter ^> JS3 ; u^ajVl 
jjc j CjUjlall (jjj JlaiiVI jjl VJ *<_iiiall log P 0C tJ Pseudomonas 
ap^jj (Tramper) jjJ jj ^15 .log P oc t t> 5 -3 Jla-all Jaa.jl 
,^111 L£}UJ3 (metabolic ctivity) ^ ^jV 1 AjJUill jjj aS%»1\ uiSi > aU 

(j* lg-aj3j (f^r^ /* ? -v ) %10 4_luiij 4jjjJa*JI CIAjjAa]! ^_j-Q lib 
<Loj3 jjl I J.la.j J . ClljJ.Xail jjx <UjLaLall dllt j^aa all ' atia a .lit logP oct 
lie. ' atlaJ jjc. Igjxs j_ s Jc-l <ai2 dlj CllljJ.la]l U_aS 'logP oc t 

jXaajj Nocardia j Arthrobacter :3 unUull tiAc jx a^ a ll i atiawo 

d^ljall jjM aaJJ Laill i4 (j* j J Je1 log P oct (Alkanols) J J6fj\ 

.5 (> j^ict log P oct iaaa (Phthalates) 

**..'J£ a '"'I jjLSJI oj^a j_gi j_£_jlaJI eLjuUl (j^ajL^aa. jJjtj ~Jj' a "' j»J ■Ail 

jj .^l^jiJI 5^ulaJ UjjSajll j f\j*l>\ AjlAjj) IjjjSaill ^jJc. liilij i .'J* 1 "^ J"^"'^ 
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J£\ Ac Jlij t Pseudomonas— II L^jj^j tJjill ajjLu LjjjIIJI 

AA LaJJJ '^J*-^ ^ JJj"'^.'^ L>* **-'J' '""^ Cjllia»al] ^ aaJ 

AjiA oil CjLiij jjJI j t (Structural proteins) aj^L^I ajjjiJI cjliij 
i^JUa j .(Lipopolysaccarides) <nAall cjLjSjaJI cjljAicj (Lipoproteins) 

^> L£UJI 5jUaJ ij^j Lpl Aai«j ^1 t(Peptidoglycan) c^p^t. 

CAjjAoII J 4-l..uL,.ia. kaa AjjLull UvLiJI La! AjJ -nil dlUa ja i .all 

tSliLaj jjsll iMorinda citrifolia aIu] AjjliJI c>Lal«-a]l ,J jjjj La£ iAjjj^a*]! 

I ■ (j-a JlaijVI -i-oJ*J ((^tilLj -5 S jlum log P oc t ^SL&P^ A-8C.I_$a1I JjLa 

. (_J jliJI (_£ J^aJI j 0 *" all ^ jj ^jlc aLuJI JJC. ^gjj aLJI 

il jij)-a ^''^ J j»J ' ; UAaJJ AjjJiJI <La«.l £-a Ai/lxl] JJjlat-a 

<j _fc. SjjLJI j\ (Three-dimentional solubility parameter) ZJlXjII 
t_jjiaJI jj^jj t^la t( *i jjl a^kiuil ^ill (Denaturatin capacity) ^LuuVI 
.(half-inactivation) AJUill l _ L^ Jk*j o^jc ia^b ^ill ^ 

Classification of organic reaction systems 

£-a ^!jLa!>ll ALlill j f.Lall (J^a (jjijl aJLa £tJ_)-a (I) lAjjjJaxJ! CllLu^aJI 

(Reversed 4_^j£*-a cj^laj (Microemulsions) aLSj CjLikiuu,) 

(j-a ■ ■ ulall Allx-a AliiLa Ajjja. Cllljii-aj ^g-ajjjl (jj^um (j) i(micelles) 
JSxill) ^jjJaxJI (— IJAaII AI^Lo Ll£jLjij <lA*-a dlLajjl ( !t>) j i^La Jjia JJC. 

13.24 
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(■Lai) £a ^1 jla^U CjLuiaJI j f LaJl q^IaI* ^jj^a 

Homogeneous mixture of water and water-miscible solvent 

tpUJI ^Ijial ajLIs c5jj^a& sjja* ^iL^al? ^ (hydrophobic) 
(Ethyl cjliuaSfl (Jiijj i(Acetone) jjii^VI j i(Methanol) Jjin-aK 
JAi* ^JUS j t (Dimethyl formamide) jjULajjill JAi^ ^jIaSj t Acetate) 
jjiilt o^a jUaj .JcliSlI ia^j ^1 t^Jj... i(Dimethlsulphoide) Au^jiLJI 
fie. J^A? (Mass transfer limitations) Jlial CjU^jo^ I^jI^jI 

5 S * t 

jjSjj ialaJI ^c. S_^>U. tAia^b (Operational stability) AJ^iu ajjLu 

.4-aLui tlllllia Igjl jiistJ t2 (j-a Log P ^ tUlj (Polar) 2 <Ua",„„ 

JaAJI (Ribonuclease) jUSjjj jjj jll ^jjt <*-*^j nX^\ Jjfu, ^ 
aJUJI ^ Jlftj! (2-cloroethanol) JjjIj) jjj£ - 2 <> S-iiljla jjSIjj 

.(Unfolded) (JBLfl JSJtfl a^S/I 3wnU 



: 13.24 JS4« 



■ - rl) -_ J»l-,Vi fin 
s j>Lli JiUUi Cij jli ^ »UI 

^jljjll tL*]l ijjj j]l ..Ui .. 

<* b ^ (c) s JJ™ 
I j jiJI ^jlj! r lkJ ^ ^-iU»« 



© 



© n 




(i) 



(v) 



(E) 
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Aqueous/organic two phase systems ^^Jaadl/^jiUJI ujjjW p&j 

s^jio (^jjjat/^U) (Two-liquid-phase)(jJjLuJ! (jjjjiaJI ^ jj^ 

(jl .^Lall ,J J^UjVI (Reactants) CijleliLa i j^jj ■ .'^j Lajjc. 

jt/j (s)^jVl (Hydrocarbon uj^jj- 2 ^) u'Jp^ J ^Lj^ 



l^j U£ .(14.24 j £ ^ ,1 13.24 JLill) *(£j)g3i-]| 



jjUl <J jja. ^LJt jjJall IjjLjjji c5 jjaJI jaa-J (Immobilize ^jjjjj) 









k. 


5 I 


▲ 


▼ 


F 




S P 









jjjjj^j] t_al£ tj£.u'ij u*'J.'^ 

Jjjij JaJjJa (j^-aJ La£ Jlajjl 

(cjl)t_j_Sj__4ll (Parititioning) 

i_±j.la]l jLfi^l CJMJ^ 3 (j 1 * UJ^ ' 

(J !La) (JjL^aS (jxjJaJJ ^^lll 

a Sjll t(3 jj Ja*J! (jil a a.Vt 

J L_L?J (^ill) (Ph) g^jja^l 



: 14.24 



^jjjU fiU j ^jH\ Jjj.il y U*. 

MprodiicIls^ P '(substrate I ^jM/.S 
.(enzyme) w> 1 *E 



4jj jj^I JjL^s3I Pk a t> lt^' 

Jiill? <-£jA Jc ,Jj.~\\ 
(Unprotonated jj— jjjJI — i* 
ajL& t> (^oj (^ill compound) 

.4_LaJ_)jVI AjlUiill Lajlj-a Liajl u'-'T' JJ " f^J^ UJ-^ U' ' ■ ■' ''J^ 1 *' AjtaJ 
(jjSj Lajjc (_><aLa. (JS-uiJ Aj.uil.la (Cjl)^cjiall j ('iJ^jVI (Cjl)l_lSj^ll 4£^)SJ 



(Overall Jcliill jjl ^La^VI jjVt J^Aj K'/'"'^ u- 0 1 ^ jjJa*JI 
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a jiA jjSiJ ^^UiJ JiU. (> displacement of reaction equilibrium) 

ijjjjiJI Jjj^j '[((S)-styrene oxide) -ij^j ( jj J iiu J -(S) J«| (Epoxide) 
^-jjj tPhyosterols —11 a^hWJ aIuAJI ( jJ a a) (Steroid transformation) 

Jj1ijI£1I jrtlsjj c^lil^j (Cortisol) Jjjjjjj^II (> ^-(jJa-jji^ll 

2R,3S)-3-(p-) glycidylmethylester -i^A? '(Catechol) 

(jjjjl^ll jrljjjj <( Diltiazem— 31 gji.Ail Ja^i j ^s> j) (methoxyphenyl 
jLuV ^j^l ^.^11 j OjjjjSI cjjj (Hydrolysis) JjI^j '(Carvone) 
^tijjj t^^u^l jJI (Naproxen) jjja^jjjUllj (Ibuprofen ester) uAsjo^V 1 
J jiklj i(n-alkanes) N-cjLi£lVI j '(Ketones) c> ^W^j-^ 

.cA^A J\ J j^SII i±A J\ dj^Jl (aldehydes) cA^M 



Microheterogeneous systems jj^I ^Lib ^Ja&l 

Zuij&uJI <—L>ljjuJlj (Microemulsions) ZLfaJI CjLL^l^JI JIoj 

V <Jjj^j jjjjjlall <ljLui jJiiJt ^ 5^aU. 3JU. (Reversed micelles) 

^■jjj Ciijjj JaJ (> (Surfactants) ^kJI jjjpll CjL-biL^ ^ si*JI 

^-aiajaill jj jjll L-lL aia aj .(Apolar) t_lUaaLuVI 5_aJ^C ClUjlaJI <! ( -a^yaH 
3 la all j^VI JjLuJ tilllaJ I - Ua J (AlTiphipathic) J-ajll ALLsla CjUjja. ^ 

.(^ 13.24 Jitfl) (Hydrophobic) *U1 (Hydrophilic) *U1 

jaj (Polar) 3 ilaSluixH (JJJjjjll dllfr jxa a JjaJJj ^Jjla all (j^i ' ■ ll LS] i "V I 
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(jl (^>& _>?JI) Si _&ill o±q1 A llaitlm o (^>& si _jj (Jj£joo] 4(Jj£j]I oLaJ (J^l^ll 

- ■ ail dll V'JJ.'^^ ^ ^ i iall ' SJ i <a all Llilljj^j (^Lall ^a^jll) f.LJ! Ljji 

eL&JI j^&j U£ (Hydrocarbon Solvents) AjjjjjlSjj^l cAjjiall 

.(11.24 Jj-laJ) 4jC.Uk. aVI ^U.JI . bail aj 4j*jfk\l 

tWO J Ajuij£,T.a]l Cl^iall ^xlaj ^ <la Lall $.Lall ojlc jIj^J 

eLJI ^1 ^aJajjiSI jj jjII (j^iLJ (Molar ratio) aJ _>JI a^I j 

AjV liiljj tAj-a&VI ^JLj _j& jUa-aJI lift (^aJajgJI Jjjjll (j^aii^a/H^CHWo) 
(J^l ^j/i p.Lall _J*lj2 J 'AllJ-a J£] (_paii-a]l (JllLjJ^a. jjc- J^a-J I— a jjj 

jjj^all f-kAjjij] J-alxJI Ajl La£ ^jjaJI jjaaall (_J^I (j-aj '(jJJj^W IgjaLiaj 



A^j£*aJI m^L)!*!! AIL^a!! jjjjJ) cjUiit ^ Ajlai : 11.24 JjJaJI 


LjjiaJI 




(Cio -C 6 ) ujjjISjjaaa-N 




(N-Hydrocarbon (C6-C10)) 








(cyclohexane) j^iL* ^Lu^ja 


(AOT) ' " ^ 13 1 ■ ajflJ 1 " (J^^J^ 




(sodium dioctyl sulphosuccinate) 






(carbon tetrachloride) 




(benzene) CxJw 








(hexanol/isooctane) 





jl^jl/J jjLjSja (CTAB) ajUjjj 
(hexanol/octane) (cetyltrimethylammonium bromide) 

(chloroform/octane) 
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^ (TOMAC) 

(Methyltrioctylammonium chloride) 
utS J Brij 60 



(triton) 



ol%* (phosphosphatidylethanolamine) 



^jj] £aJ jll AiUall J;lij ^jJc J;ll£ cJ^A? ^ jlU J^*-*!' Ca^IjAaII (J^J ■i«ai« ; ! 

cAc^*?-* jjj (Dipoledipole interactions) ljLSJI ajjUu <tabiall Cj!lelsa!l 
3_kJjj jj jjII (Solubilization) aj^UjI l^L^. ^c. (jU^-VI 

j^t vI^L-Ia]! JlAjj (_jill vJ^aJI aiaJt a .AjJjj^all Ajfllijuill (jjialLa 

(Sodium (AOT) i'iinn^« jaLi Jj^j^I ^US ^j^^I flAiU 

Aiaui jj ^jjI ^aJajj jj jj ^j^ii^ jA j tdioctyl sulphosuccinate) 

ciiUilall ^ ojaiui-a c^tjiall (yn AOT SI JIoli .(Anionic) -LaLa 

4^La£ ^ ■ ^1 ( jJLj I -I laluil j!i£VI (-Allall (ISOOCtane) jt&l jJyVl^ t<Jj^a*ll 

a^js .lie. <Jjj^j i60=Wo ijh H 2 0/ijljS J jjjj/AOT *Uaj <J JadJI *U11 

J i r-i^i ; La£ il j£c I L-slLill <x« j^t n\l 4JjAa]I J ^ J i taifc Jj-a ^^Icl 

Aiui JjVI SjJI <Lj j£»_all Cj^Ajj-ull AjjjsJI till jia all Aal 

^^It CLllinlajllj AauiLuVI CjUjAll (j^s AjAxII Jjlli cSJ^. dyaJI tlllj ij-aj '1978 

t _ g ic p jjJa j^ll life ^^it AlLoVI (J-oiuU . Cjl jjJiiiallj ' ■ i&ll j-i AjjJaJI '"'I all 
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jliijjjll j=J jjl 4iajail jj (^ jjJJJjll ^j'' odll j cAjjLlill l_J JJ jllj jjAall (Jj^"' °j 1 U 

(« j; i fit II jjiu: jail jVjjjja jajjjl J,'° CjI jJiaJI CiliLLo -j^^"' j ^(Protease) 
(Stereo-Ajtl jail ^ jj J jS^VIj '(Organophosphorus hydrolase) 
(2- jjjliua-2 J jS*J j (Progesterone) jjjjj^jjjll specific) 
(Alcohol J ja^ll jj=» jj-iia cjlc jlj CiUu jj! aLjJ jj Heptanone) 
jaa-all (Penthylferulate) Cul jjji Jjjjjjil ^ i.^ j ^dehydrogenases) 
Sio£ jjVI cj^Lclij j c(Feruloyl esterase) JjjI jjjsII jl JJJJ-") AJajjJ jj 

_JI LpU. 3JaJ jj s jia^ll (Chiral epoxidation) jl j*ll jJalslI 4_ajjc. 
4(Microemulsions)Ai}a^l CjUkiuiJU AL^iJ aL»1£1I Mycobacterium 
Jj^il j (Galactooligosaccharides) 4jj£YU1I CjLjUI CiiLla £j>^2 j 
j|jjjjl£USI i-iLajjjl jjaai (Alkyl glycosides) Cj|jjljjSL£Ull 
t 4_j jail 4 iin ill 3JaJ jj JlaVI c-Lall j_jjiuw Jai^a jll*Vlj .(Glycosidases) 

Cj ja^jll tills. <Lal$ll AjvjYI jSjJai AJJj adll Cjiltlij ,J 10 j-a JJ^I jj^J <jt^ 'Wo 
Cl^LcLLall JJjlaJj <JJJ=>JI llltjaa alt (Stability) AjjIjj s-jLjjj j»Ltfll - lajlt ooA Je 
jj jill j <aia ° a i-jljj ja. Aj jlj 1 . ''^"'J gjj-all (Jj^3j 4j»J jiYI e-laiiuil ^jjaaol A_iuiliall 

Very low water systems *U1I o^LLaJI SjjAui ^ 

Jaxuj J «.Lall A_la£ j^-ilVll (_£jiaJI (JjjaJill I lllAaC. (ja JJ-lxll -Jji^all (j-a 
Clll jj Ujjuj 1966 Ajjoi JU-all loA 4-Jjj J jl C±aj jiil . jjjS Aa> Jl Jclijll 
j^s Ujjll A_La£ll J j*j ^jjjVI AjlLti ; 1 ajjjoil (jl j£j» (j*3 .£joil j (JS-i'iJ Cjjaall 

L-JjJ all c-lajjl jl .AjLajjjVI AjSJJajj jjj JJjll Ajjj Jc- lal °^ 13 AjjjjjJall «.Lall 
fljj&ll) *Uill AlljU fjL «.lall i_lawall LJjlall <jV - uila j JjjiJ (_£jjJaxll 
jjjjjVlj Aja jJjaII «.Lall A_La£ jl La£ .^ajjjVI «-lS3^ 0*" ('/LSJJ^ 1 ^* 3 ^^ 

Jjfui J*i .(Hydrophilicity) <-Lall t_±il»ll XiL. SjLjj ^ J^Af o- 3 ^^ 1 " 
jjiiuiVI J (a-chemotrypsin) j^jj j-jS-lill ^ jiVl ajIcUj jl Jliall 
.(Pyridine) jj^jj^ 1 J ^ ^ i> s >° 10000— j Jet (Acetone) 
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IcjAiu JJ^VI 4ij^)ia]| .^jla o.1xj (Jcliill Jajoij ^ «.La]l (_y*^ (j^-aJ 

.(mol 1 SLj j1 (v/v %) AjxajaJ AjjlaJI AjjaiiLl) ^Lall JJ^JJ (_>ul}aj ^Ljall ^ 

(jx JjJaiVI (jli iiillil -fjjj^ Jc-^' Jajjji jJJJ V jl»-a]1 1 jl JJC. 

tiA .jLi«S t^4 w ^Thermodynamic water activity) ajJj^JI ajIloUj^I 

f.La]l CjIjJjIj SJjoiLla jl 4jl£^aU taUiill ^ «.La]l A_La£ l_>"^! 'J^*- 4 ^' 

Ijj Aj-ali. cjc-liill (S^- J^«JJ jl AjJluil j£-aJ ^UajSJI jjljjll 

cj^lij) l^lgiJ J ((Esterifications) Sji-Sn c£ic\sty ^Ull JjUs 
J^Lk (> aiAj *lall ^ JiliaJI ^1 t> itillil .((Hydrolysis) Jji^l 

(AALaj) AjjIjAiA ^Xal AiLbj J!>U. (j* !illa tj&lsj]l JMk UjjSjJ kfi •- 
(Jjjaall ClllAaC. i_lxJjj 4jjIj AjjLo Aj]l*i laxJ ijclijll iajui j ajjoiLia 

^Jc AliLa jl (j 13.24 (_]£Ji]l) **JJ L <— '^J- 2 - 0 (e^ jl ta&lj ^^Ic. AllLa 4_Jj^a 

(Covalently LjSjlia aL*- cA^jij <CLEAs J CLECs J^i 
.(—a 13.24 J^l) JaLaJ ^ jljj^ll ^Lta modified) 

(jS-a-all (j« Ajli iAjjJa. ja-v „< Aj^J^j^l l3J"^ , „ J ^* . „l ^jc 
jj*J £-a Ajlie-j A aSa J >cl.i]l jl I ■ J jj t t_luAid l_Ai^3 aC.1.1 ^_k- 

jSf t(Aquaphilicity) *U1I <^a. ^ Sjiill j tAaJa« ^-ajL^ri. jUicVI 

Jjjj La-a (Jclilill Jaxujj aC-l^llj (jjj ^ jjJJ t-jjjoi (Jclidll iajui j ^ «.La]l 

.ajjj^ (Microenvironment) is£A\ Aiull ^ 
<> j (Proteases) jLij jjJIj (Lipases) jLuBI <> (Lyophilised) 
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(Ionization) jjbll <1U Jl SjAlkll 

i 4'gW fill ClLajjjVI jl L*-ajl ia^_a] La£ . Jyaaall (J^l j-a ^jjjbU S^j^ , ^\\ 

lillL <jjlLa (JjVI t_ iSjaB (Specificity) ajc jj ^s-^ 4jjj^a»JI cjUjioll 

(StenC /jfi-l <_>ajl*]l Jl li& ■ * tAjjLall iaLu jVI (J tjr^ 

(Conformationl Jjj&II l&^I jl-tfa 4^ ^ill hindrance) 

Sj^a ^ Jjj iAjjjJa*JI oLjiall ,J ( jUj jjJI j jUslII) fjjj^ mobility) 

J CjUjjaJ *Lai] 4ji>jl£]l JaJjll ^al_^a (j-a f.Lal\ Jii Je JjVI 4-£>a]l 

dii il ojl jiJLi (Deaturation) ^•>na\l <Aae jl t^a jla ja tJaa. jl 
.Aj^iac (Suspended) AlkJI cjLajjjVl J ji& %± JJ 

j-a JolJ AjjjJaxJI CjUjAxJI J CjLajjjVI 4j]lxi j-imal] 5jjlLa lilliA 

J jk-all Jj AiLiJI t^XaVI jl (Excipients) die. I j^I ^IjaaJ JiU. 

(_pLa. j^i <ullxi]l j* dllil 1J3 all oj& j '"•*■*' ' - Ua ( bialll jLall ^g-ajjj^l 

^jll J j^l l_l£^all jjUaj jl 4jailiall CjUafLall JiLo " - 11 II i a a ^jSJ . CjLII o-lc 
4jjC.^a CjIjJjIju (jpUaLj t jLall jjc. -»*^ aliuiVI 4 Sauiljj IaSL^aII A*j I^jII jl ^ajj 

J l^jJt Jiiuy Jll j fjjjVl J (Active site) JUill <*i lHJ 1 ^ ^ 

Ajl aaJl Luiij jl j^-aJ l-a£ .ojj*-all ^>jjjVI 4_£iL^a ■ ■ llmj AjjjuiaxJI CjIjjAaII 

'(Sorbitol) JjIijj^I J (Sucrose) jjjSjjaJI <iLjal JiU. j* Jjia^lj 
^311 t (Crown ethers) £i? ijisyi jAjV 1 J J j^^- OJ^J ^j^l j 

. -liiaall 4jUr. jij j jj CjI jjjiu]| 

J^C ^ Ajj, ^it\I dlUjiall ^ ^> Ai all CjLajjjVI Clllaia-a J ikluil ^5^)^ 

'(Lipases) jLyBI CjLajjjl <k^ljj Cjjjjll j jjA^U (Transesterification) 
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.(Triacylglycerogs) Jjj ^ l ^ l <_k^ jij^ ajcLl^ aA*c j 

dvLftliS :^*iaj f.Lall aLIs .LLujI ^ AjjJaJI tilt jia all (jc cSJ^VI AlLaVlj 

jjc a^ALJl£ t^ixujjVl (Reduction) J j (Oxidation) sa^Vi 
^jjL s jia^JI <jjj>ia»JI Cjhjil.iU (Asymmetric sulphoxidation) Sji>Uia]l 
CjIjjIjj^U jiilnJI jjc JljpiVI J i (Peroxidase) jj^ 
J ja^u SA-^Sn j (Acemic) ^L-jJ jll (Ketones) cAj ji£]| j (Aldehydes) 
(ja jj^Lall Jja£ll (j« jja.jji^JI Acjlj ajjjl JyaaJL A j ^jm l jJI Ajjjliill 
(Regio- Zj*h ajjIMj (Hydroxy lation) j jJj^I AiLiaj J ijl^JI 
(Catechols) Jj^jjI^ J a!>j"^ j^ 1 selective) 

iAjjj^iaxJI CllljJ.la]l 4 aL all Aj-ajJjjVI qU nil till jjixi (j^i j»C-^)ll (_pC-J 

jJjjVI JjfL^li. J iklaib lillij t(Covalently) U£^)Uij CsLajjjV! Jjau 

((JfrUill ^ ^ - 1 a ^J^al j»jjjVl (jV tiilillj .AjjjukaaJI dlbjlall ^ Alalia IfrlacaJ 

Aj V Ajli t^j_pVI ~l laJLuil oAc\ (_JaJ ;j-a '(j^J J jLuujl dll.llLa (j-a lilLiA 

■ . liaSluLa JJC. t_JJiaJ <_Jc.lij]l ^jj-a ^Af^JJ l3ij^* (j 4 - Ac.1_a.jiu)l (j-a 

<> £ jill lift cAafj** la£ .(Non-polar hexane) jl > \l£ 

CllLljjJjSjj^JI JLa tCjljJ.la]l (j-a .}j.la-a JAc. ,j 4J jjj V ^^ill AjI jjJaaJLai^ 

.SjjKJI j (Aromatic hydrocarbons) Ajji«JI 

-phase reaction media $ jUD jjlaJI JcLiiil laLuji 2.6.24 

S^c (Solid~gas-phase systems) j>UI ajL^II - ajJUJI jJaj5l ^jai 
aj! jVI (Solubility) Ajl!>Ujl Jj j«j I^xa! t^ji-Vl - laill ; AjjlLo till 

J LaS 'AjjUu jjSI ^ (Co-factors) a^cLoixll J^l y*l\ j CiLajjjVli '"'^"4 j 

'ajlc- (J£.uli V tiilli AiLjal U.,i J jA Jj_aa>j]| Jaj-uj £ya all ^la^jiuil 
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(Overall rate- limiting step) pUil Je-laill J^J siia^ a aX£1\ JISjjI 

CjU-jJ -I ^"...l ^jj 4jVj .(JjLuiII J jla all ,J 4ia AjlUi jlill jUiajVI (jV 

t _ s it - ■ <aJ L-lL alt — (_g jlill (C JJ^-ll jja-«.*\l UlLc. <La.liiai»all dlLaJ jjYI (j) 

J j t (Alcohol dehydrogenase) J jj*^U L«a> jj-ija <c jU Jliall Jjj^ 
si* Jla iaj^jj .(Lipases) jlylll ^L«jjjt j (Alcohol oxidase) J j^SII 
cjljjl^i^lS ^(Volatile compounds) S jUall cAj£j*1I ^tisl CiUjjjYI 
jjc ^(Ketones) cAj ji£ll j (Esters) <iil j^Vlj '(Aldehydes) 
c(Oxidation) Cj^Ujj c((Alcoholysis) aKLJI) ^IjjII cAiijaJI 

<jl .CjIjjImII j Ar-Li^a Jaj (> j^jjj JSAj t(Reduction) Jjia-VI J 

^k; s.i<u** (Redox reactions) s.iljaJI cjilx.Ua wiJ CjLujjVl 

4jlia> 4jjtLi 4LA£1I Ij^ljiJI (jla 'lAjJ.l»J ' . la^jj 4jx«J IgjY j te^cLuLaJl Jxl jxll 
Jal AjLII CiLujjVI jjSj La lillc. tt*llj 4-ljlj> -a-teL-axll j*ll ^J^J U^^V 

Saccharomyces Cy * ^ U^-aJI ^1 aaU »j jal nillil .AiKll 4_LaIj jjSj L» 
(Ketones) CjU _ojj$JI j (Aldehydes) CjI jjLjjlVl J jSil t> cerevisiae 

a 3to all l-jiliil ' *' a Jaluil cAjLulo jaj ^^Ic. j .a^aluball 4 Ai all~AjjUtll C^/lc-lLall ,j 

(1- (jUjjjjjjlS-1 (Hydrolyse) Rhodococcus erythropolis t> 

jlill lSj^II Jc- la-all (^a (1-butanol) Jjjliu-1 Jl chlorobutane) 

ClAjSj^ll 4ja.j1 jjjll ^ajlji all AjjlLall a \ na ^Ic. JULo j-ajJa tl— lL-^all 

a^ljJall A _ij Jaatll 

Jfrlii laLuj jU ^AjaJI Jjfl JjI >yJI 3.6.24 

Super-critical fluids as bioreaction media 

4ji._pJI (j^a Ajjjall j A^^pJI (jja (JjI j-uill ^ Aj/ajjjVI dLilclijll ■ . lliajj 

ajIIc- (Mass transfer) JlSijl cSi^^ 0 iA Jl» .^L jju-^us Laiij 

<jj|^j^j 5_aLaill JJC. AjJj al a ■ ■ IfmjJ .(Jclaill I 111 allal ^ i ^-^j AJJ^ll 



1018 



'ijm's J\ l5^-"> al^iSuil (_£j^J <jls i(31°C) ^J.'" 1 '' ■ Lall <a.j^J! 

Jjl^ill ^Cholesterol oxidase) Jj jjiuuljSUI Jjj^J ^jjL Jjjjioulj^ll 
cjl jtjjjJI Jj Aui ul ^ (Stereo-selective hydrolysis) ^1 >ll *LaijVI ji 
Rhizomucor (Lipase) jLyl? (Racemic glycidyl butarate) ,^^1 jll 
(Homochiral R(-) Cil jU jjjII Jj ^ uI t . (-)R cLLc.1 Jaj (> CjAJ miehei 

^jjiJI jid ^jjII ^ju^'i '^jTjJI jiliill (j^jUiJI glycidyl butyrate) 
4ik ^iaj aj-JJI J!>U. ^> jUillLi jaa^all (Aliphatic polyesters) 
jLaVI JajI^ (Polycondensation) ja*!*]! t aigill j (Lactones) c_itjjj£U! 
jUjlla jaa^all jlJ jJI ft^j t(Glycols) J j (Divinyl esters) 

^.talii]! CjlljjaJI ^jjjj i(Oligomers) CjI^. jll c^Llia pike] Jaj ^ 
(N-buteric acid) liLj^j^' i > a ^~N (Transesterification) 
j ja. jj (Oleic acid) t*kJ jVl cpa-^ < jU^' ^^jj' ** ^jJj J jjIjVI j 
jia all ^ji aoSI tCulall jUiHI iklaibj (Oleyl alcohol) J j-v<ti JjJj' 
t(Triolein-based sunscreens) jjJjVl ^^2^ ^ ^lill jjj 'su . nU i ill jUjllU 
(Ethyl behenate)Cjli^iJI Jjj] j jjJ jVl jjj ^Uill CjIjj j^JI £j jjj 

JjI^jj t (Surfactant) ^-sK.^I jjjjJI j^^i sLii-JI (a-chemotrypsin) 

l_jLjSj-«JI LiL aSl ^pll '(CC^) u_WJ^' jjjjoSjI ' . il k£j ■ J 

0 U . i) JJjJ i i1 , V-o-^ ^ jjjiaj ^C-jjlj tlfrll tt«AulV sJuLa -4 q t r-i l_g_j\_J («.Lall 

AijjjtJI c(Co-solvens) oj&LuiJI cjUjiall ^ <L3a CjU^ AiL^aU 
(3.5% mol mol" 1 ) <_bA^ ^^^1 ^j^. tjllall Jjj^ ls 1*A .(Entrainers) 



1019 



(j-aj jail (jji (jjjj£]l .llmSjl jci (Jjjiiuul j£]l 4j£ilajl jj jati] lS-*^ 

ja.Vlj (j^J ^^^^ c3J^ U_W^>^' 'U'"^ jl i_s^~^ lA*^ iljJaJl 4jlj.2j.la-a [joif-i 

CsA' L5AjW ^° fO^' (3 ^" " (j& SUJ^*-" 3 ^ AjjLall 'ijjuia]l ^-J'jj-J j»J^! (j' 

(Near- t> s-yjall jUjj^ ^^1^1 p2 ttdlj] .(Deactivation) <LL*j 
cjlljjaJI ^jjj cjULc (CjITjxaII oj& Jia jjUil critical propane) 

AilsuaJI CLECS »l.laU tjj*- La£ .J jj^V' J J^' (>a-aa.-N (jJJ -gJ^LUll 

jJlii ((jtjjjJI t(Freon R23) csj^' j*jJa< dljlc. Sac. 4iL^aVU 
(jjUJI <>£j .(Sulphur hexachloride) jjjjJsII ^J±x c^j£1\ j jyyi JA^a 

l$jl jj^f " AiKj £jijj-a]l SiUai] 1 g i ^JajJI oj& Jla ^ ^^luLuVI 

5jj jjVI Jil >J (J 5jj#»JI Cil JlayJI 4.6.24 
Biocatalysis in ionic liquids 

t^g&j .AijiJI aj! ja. 4a.jJ (^ £ - _A>^" V ls* "SHj/^' J^' jjoiII (jj 

<jauill jj ajjljjljiaj JjalYI ^jUj ~1,3 jjJ ij-a Loj t-ilbj 

5jauill jj ^ jjjjjj jjL JjSlI -N jji j1 dialkylimidazolium cation) 
jAjjLj Sj^Ji ^j jL-x jjc. jjjf t(N-alkylpyridinium cation) ajjUjV' 

^JjUxJ^I jl jJt ajA Jia jj i oJ all jl£ oil .NO3" jl BFg" 4BF4" Jia 

liiliaj V yj^i .AjjjJaxll cLjia]] (Green replacements) *l>iaaJ! c l ..b U 2,. a Vl£ 
LaS ^(Thermally stable) IjJj* S jaluw j t(Vapor pressure) jUj Ja * . ^ 
(Hyrophobicty) *LalS (UjjL) 1$jjaI j£ j (Polarity) l^JiaaiJ JafUa 

4 la yJI ^LajYI (jjJ^U 4_iuil_Lall C_l1jj*j]I JDLa. (j-a LaS i—lp all j IgJJaJ jLal j 

^^xJ lilljj tAjjjjVI (_Jjt juill J ja. jj 4jL»i CjLaJ jjVI ^ ajlft 4 la uJI (gjiuijl jl 

^Ijjl (j^a jLijcVLj sjJAa. \c J-aa-a lilLiA jj^ — £ AiLt-a l^jVfljJ l^jljjj 
(JjIjjJI Jja.jj LjjjSaJ AiUti j^jA c^j^ala. (JSjjj jLiiM CllLajjjl f I 1 al J tdlLajjlY! 
^lAaJjjjl (jx (jS^ij j_JjJaJI Jjjajll JaLujI dlUj^all sj* al laAml AjLli (jj .■AjjjjVI 
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Iaj j .lie. 4 jLullI CjLajJ>jl£ tdiLajj^U AjjI^pJI AjjLiill 

(Active -Ul*a jj j«j L_nxuj Lajj lilljj cAjj jjVI j^' ^ 

4i jL^jJI) <jjllijl(_SI) jij*^ ^4 Cfc^i ^ -f^j^ j5s conformations) 

JaLujVI ^ ^jJiJI jjjalSI (jl (j^a ^CjlLj .AjAllajll iaLuijVlj AjjlLa (AjjIjaII 

l^jJUi (^Jc Liajl iiaUj coli— II j jjiJI Sjj-^j <Rhodococcus B312 
^ i^jtust ^jLIul*)! Ajj^I olji^) ^ o^»j : 12.24 Jj-i^l 

(esterases) jljii^VI ^L«jjjl 

(transesterification) 

(glycosidases hydratases) 

jjjiujjLLu, csb-1,3 Rhodococcus B3 12 
( 1 ,3-dicyanobenzene) 
(alcoholysis) Jj^SlI JMaJl 

(amide) aj-Vi ^£-^2 

(lipases) jljjill LjLajjjl 

Perhydrolysis 
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(thermolysin) 

((X- Q\ i ii JJ Jp j^j£~li3l 

chemotrypsin) 



(stereo-selective hydrolysis) (subtalisin) 

(redox iAyJ\ ^ 

systems) 

NADH— (formate dehydrogenase) 



syrringaldazine— 
_J i±A 
guaiacol— 



(laccase) jlSV 
(peroxidase) j 1 ^^ jjjj 



> j'-— « j j* laJ CjLlj.lall oi& (jli to.ll.lxll Igjljj-a ^Jj-q ^E-jll .12.24 Jj-laJI ^ 

te.^T n\\ 1 gJjSjij j L§£.la.j!luil dAjlaCj tAjllxll <Li.j jll! 1 g ill j^a idlLjJ j la all 

.I^j2 (pH) /g jja jj >j* SI ^SjJIj f.Lall 4-illxi ial) <a 4-Jjt > ^ij 

Concluding remarks 1n*n«ti <ijUaaiUll 7.24 

CllULaC. ^ Igjljlj 4-ljJaJI (— ll jia all ^l-laioil L_L-£S j J' aflll lift 
AjjjaJI a jjJall j <LAilaall j tAj&l L all Cjlinlaill (j-a JfL 4ilxlall ^jjiaJI Jjjaall 

. A l^ aJa 1 1 AaJU^alLlj 

AjjllajS II till jLoball (j-a J£l dllS j*-a j dll jj-a lilLlA tAjLixll I - Ua qa 

jjc. ^jjail jjSajll jLuus dlLl.lj.la-a (j-a ej^a. (Ja. .l&l .4jjJaJI AjJLLajallj 

(jl La£ .AjLaatll "Lui-ljAj ?.Llxu£l! j tf.Lia.VI jalc- ClVla-a ^ 'i^jOaJI dljjjiaill 
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jAaiall CjLlLaCj i Ajj «a jV I 4 ■ " lij SI j iDNA 11 ■ . LLujIj 4_li9J ^ CjljjladSI 

(t— lVLn.*Ji*.nl) dll SAllaJ (j-a 1 i iaJl J3 4_).lllaj JJC. JaLuj jl ^ (_£ JJ^JI J 

4j3I / Aj, *l > n^faj A-Ut-lii a3 AjjAa. '"<lj\«r. AjjAaJI dll^Sa all 

tuULixJI jjj JxISjII ^ L\a jjjjill {+jtl\ ^> .(Oxidative /reductive) 

l_L>l (j-a Aai.iiL.hI Aau _jA (_£ill < LvajSjl j f.Lva.VI j tA-ui 3 SI) l—lVta all j 
jl jq-s a\\ a-llAS. dlllnJaJ ii]L\A jl La£ .AjaiSlla jAa. CjIjLuixi jJjJaJ 

AjjAaJI AAl3all j tAjauii alll eLvajSJI J jia. ^3 (All*-a]l jl AA»AllaSI) AjjasJI 
^ ;'° i u a L& jLvjj £3 jAaSI (j-a AjaaSI tJjS^J j i(AjjAa. dlLoiLuia.) 
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3^pUa1I ^LuLuuSJI cjLLuklJl 



Immunochemical Applications 

Mike Clark 4 4jU 

University of Cambridge, UK 4£LuJI <xA± 

(AcU<u...nl JJJJ a i jaS i a a SalaJ La-ljc jl :AdjllVailtS SjclutJI j| J^ll 

.jj! jjJI ojc 4^uUa a2 (sill l ^Loiallj ^LiaJI a . SI Jajj dijlj : Affinity 4iWI 

AiLla a^uijI J jlj^aJI 2^ :AUoimmunisation ^j—VI j-il^l 

alleles o!>Ljll ^ iiSU& <jj£j t-y=»-j j£\ <_>"^ l>° j^' u' O"* 

(u • ^" -^J t - J '- 1 ^-'"j^"' ^^jjj : Antibody JtuiaJI - ■ ua SI 

a i »a SI (Jja liSj^j iCjUjjiJI (j-o t_>£j-o jl i^^ja. :Antigen ■■"^ 
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L£U. j :Antigen-presenting cells (APC) kalub>13 k^a jbdl L£UJI 

(macrophages S jjjSII 4-a*Lll UMk tdendritic Sj>>«iJ l£UJI) 4,^,^-^-^ 

dll 3 1 taJ i " a j <Uiaj^<s]l CjUjI^II j^a f.1 jaJ i _pajC -jU-v* t^vlljl 1 gj&l U"i, „1 i 

l£UJIj aAJI l£UJI <jLa) tfjiVl ^liJI jWaJ UMkJ l^U... ^jaJ 

ajoia, Jita ^-i^.u-u,,^ cjlijja. sUj Acliall :Autoimmune <LuljJI 4cllaJI 

jl i^ljj^)]! (Jj^lLall ■ ■ ll gjll !)liLa t(_paj-a ^Aj)J (jl lgjl£-aU ^^ill (jljjajl 

• l_$J)^ > nil j_)^aj-a JlSjil (_pa*J 

ei-.ja.fl3l ^Lna.VI J&lij S^Ull 5i5jU ^lla — II j :Avidity sjuAS 

(jx J-aC jA J s^AxIaII a i b3 i a ail j ^'j^ -I l^lml j j . bj i a alt £-a 

.Aj^jall AaJjll Cjlili 

i (cAjjlLajBI) f \ ■ alA\ \pu*l\ <j-a Ajjjlj At j-a^a ^ :B-CellS ^"1^1 l^UJI 

^1 

Complimentarity Determining (3j 2j tl) ^LJI jLli* 
cA j cjl&Uaall o^ji. ja ^iLa ^ j :Regions (CDR (1,2 and 3)) 

£-a ^^juiJJjll (J^lila]! (_Jclii3! (_J£joiJ ^^ill i^^cLiaJI jjjl _4JjliJI jj^i ejjillaJI Ajjjaiall 
*o.la.lj 4jlg-j ■ " »1 Sla ^aiLall AiJLaj (JjJalLa >^"i (AjjAlllI 4jaAj3l j-a L blubail 

^Uk^l jLb-a ^^aia> :Chimaeric antibody csjja^I jL^l«JI ^utaJI 

.la.1 (j- 0 dllcUaS JlAiluil ■ - ua 3 DNA SI ■ ■ UjjiU (_£>La. <j-a j' <aa a 

.jj^pj ill! \f'jj; jl a ibjaa ^LuiaJ j-a ' 111 d laSj ejjJa all ^Loia-VI 

Mia i^-cLlaSI (jjj JJjiiil t _uiJJjll ' LiuaiiSI jl £ jjJI _aA :ClaSS 1 ftltajl 
jl A ^^C-liaJI (jJjJjliJI tG ^^i-LLaJI (jjljJjliJI lM ^^C-Llall jjJ jjjlill 

E yjftliail Or? 1 JJJ^' 
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Laj^ <J Aa. jj UjI j ojaa^a cjLajjjl <LiLi ^ : Complement CjUaUI 

^JJj Lxuj V aiiuixJI j i a ait a ■ aa Si (j-a AiSjpJI CjIj£ja]I (_JjS (j^a IgJjUjj aJJ taJjl 

a ■ aJ ■ - all <SljJj 

jja. a*Ls ^ j tDiversity segment £j£3l a^LS :D-segment D-4*LB 

V A*ia3 (jjj IgJJJjJ JJE.I ^^jll j (^^cIIa]! (jJ Aijaill C-L^LuAuJI ^ is.j_4a._4-a 

^_ajUij jIjj :Effector functions j**a*^) '.n->'nn>ll <_ijUaj 

CjLaAlaSI a ■ aJ j ^ i aJ uiaH j ^ ■ axil - ■ aa 13 l _^C jj]! iaJ^I J^-a. j-a Ag-IiaSI 
(jx ^ylc ja. j-al! (ajjIiLall 5iii3l ( - ^ JSJ ■ a Fc ' - L^l ■ " cj La_plJI 

Ailla all Lj^aJI £l jl1 

^^Ic J ja. AjJoA\ a i aa lb JaJjII -^J ^ ^ :EpitOpe <LajUJI 

■ 4 ql")-^ a ajl _ja. (JiLa. £ja A a a J ■ aLuiaij iajjjj jl jfLcj 1 ■ aJ i " a ^1 li aLluLall 

Enzyme Linked f^j^U ^LalJI sjl*JI aj&UJI SjjUJI :ELISA 
jl diiaj alikljiV! SjjU-o >Lkj j dmmunoadsorbant Assay 

i_j£__)a3I U_oaJ al laHuil (jiLaAjl (jys tajjjlj IjSijLji: J _ax*a ja j1 ■ ax]) - ■ aa SI 

_aJj-a]l ojLia-aSI aLuia.VI Axa£ (J^W^ CS^ 

_> Ai^S ^ j t Antigen -binding fragment .i.^imJU Jajjll AijJ; :Fab 

ijLa-aSI - ■ aa SS (Proteolytic) ^sjjJjjJI J^'M elja. 4a_slj ij-cliaSI jjjjjjlijl 

. V aluixSl J Jaij jj 

' Ilia ; I ^ i jaajl j-maj] ( -lujjj]| (Jiajll elja. 4_ajU t^jcliall jjj jjjlijl ^j-a :F(ab')2 

oLall jjt (jjlkjjj-a U^J£ ^ (Fab) v aJjoLall J JaJj ^jJSAii (jl 

jj jjjliJI t> Aa^i ^ j tCrystallisable fragment SjjLiall a1a^\ :Fc 

1 i aJ) Aij-uJI oAA ^jiaj il i a ail a i aa S3 ^gjjJjjJI Jiallll «-'ja. Aalllj ^^cLIaII 
jjJaxJI) I -JUaluixSI J-aC o ^ j JjliLall (Jclijll Ajjilaxi C-L^-uiLaJ ^^Ic. 

.(Ji>SI 
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Ajc ^>A*-o ^^jjj^ i_iS^a j tSj_jliLa]l AiioJ! Jy°"'"'-' :Fc J,'** 1 1 ■■ - 

£*J c?* j 'Framework regions JS^JI jlali* :(4j (3 '2 tl) FR 

jj jJjliSI jpi a uiiall <ilalaSI CjlcUaS (JaJj (J ml > iml j-a Ljjja* A k-ja-v a (jjjalia 
4_la all j (fl jl Jjll S^Lja all |3 <Uj.}aJI II Jjlalia (J£joiJ iljjjij ..gCli-all 

. jjjjjjl CjlcUa3 

JaJjll (^Ifr I jjlS Jl jJ V (flill ^ftllaJI jJ jJjiiil ^Vl (jj^ail J :Fv Uklui 
.0 jjxlail 4_Liill j SiiaaJI <LuLull dllc-UsS j-a l—illjj . L alma]! J 

VJ ^ >>iofl a i ■!•> 11 ajIc <_ aj«jj jl o^-aj jj^ 3 p c5 : Hapten cP^-M 

qa Ajjj jjj (J<al U£jLujj UjjLo jj^J (jl ' ; la»J lillil .4jI j .laj ^1<i"uii<i jjc. 

j-a CLl^LuiLuJ JlV'u.il j-a 4_ajU a AjJaa aluti.1 j :<LluUJ^]| fljl UX>]| jLuiaVI 

Ajjj^j AiliLa (JjailuiJ (_>i3jl jail (j-a 'oiaJjai^ aLjuuII oAli.j ojLia<a aLma>l 
Liajl liilij aLall (jl£-aVl-J .,_p3Jj-a]l a-uia. aLuia^M o^A ^LLaluil ' '"J"^"' (j^l 

•iLjaall ajmaJt eUaftV SjJalLalt Alklall ClltUaS (J^'- 3 J^M-H (jjialia 

"A LjS ■** -lla-all" jl "iLal£ jjuij^ajl" 

a^jIj L£U. ^ j :Hybridoma cells 4 V>jfl <Lu» jj2I L£tiJI 

Afcjjx ^ j"'^ A ail 4j-aj_all ^Laall Ll)1^ ^-a 4jti«-a CjUljJa. (JLaJa (j-a AjjU 
jj M , V. ^ a ■ aa 1 jl jSVI ^-al ^-lj_aia ^SL?^ ^-J^^- ^tijl cJ^I (j* J 

.ii.1 j 

cjliijjjj j :Immunoadhesins 'bcli^l Cili^Ul 

4iiaJI Aalaixi ^-a UjAaJa j^- g a f.^j^£ ' " Ua j tL_l_jxoLall DNA II Ajjaj 

.^LiaJI jJjjjliJI j> Fc region Sj^LiaJI 
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all La^jc Ajclia jj ^gle. j^lall i i —3 i a alt (JSjj jA I/gfrU dlm l 

. (jl jj-^ 13 ojjliaE.1 jl 

^ill Lo_pLJI jJjjjlc (> a_,a : Immunoglobulin ^LLaJI jJjjjIiJI 

a ibjax aLui^l ^^c-— > (o-l-l^-a) Ajc. jj 4£.Ll^ ■ " )1 i)J jjj ^^Ic. ^jiaj 

ajL__JI aL^S/l al.i__J j :Immunoprecipitation ^li»JI 

j| jjc. 4clia ■ - )1 -<j a Jj^ (_£>Lk (j^s j 4(Jjl_-a]l <j^s li alui—il 5JI jV 

jl jjrJI a jja Ci£ J ja j :Immunosuppress ^11*11 iTuill 

4jC._jj a^l i ^- i fl aLut^l jl <Jj.il alA^luil JvLi. (j-a A ajlaJ (j£__!l 
i_ljC.j-a jjc. (jjfLj JS3 t£J^I dlVl^ igi Lai .4£.l_aJI jlgJ> igi AjAlIiij 

AIDS 4 1 1 _S oil Aftliall ,_>_aj 3-«_ptLa (J La£ ijj^lj^M (J- 1 *^ _- "S^ 
.HIV 4-jjjau]l 4£.l_aJI (_><aaj (_>jijjjaj 4jL_aVI (j-a 4_aj_ll 
(j-a tU^jLoij a I— la Ajc. j3 ^jjjj J.JJ joining at <ajl" oi^j j^A j : J~4li.idi.il 

multi-meric elj^VI ojj*la Amelia cAjJjjjlij tCyj^ll Jajl j j JDU. 
(IgM) M^UJ jJ^jiiJIj *l>Vl ^SlfiS (IgA) A^UJI jJj»jliK 

4jL_a]| J — <Loi_ i l— (jjj 

£-a l^JJJJJ jU-all DNA II (>a aLu__VI jl Jj_> jll AjJaS ^A j : J-^Jliafl 

J_£__ D _ J V — ' J' t«liliaJI AtllaJI (jJ jJjlc- J_uyL_ » laS 

<L1£]| (V-region) s jjiiall AiLiJI ^Ua&j Ja.1 ^ t<Ii£ill A£.l__l jj^Ic- 
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^j.itil Jal jSlI oLSj- u- IL VunWj I « Vu^t :MHC IIj MHC I 

j^i Aj \f'.'J.' i— aAua (_paj*l ^^ijjoij *ula II ^ixui t _ s lc CjUj ja. j (AjjoljjjII 

.AjjIjII 4-iliJI ^gJe J _aa. j-all jLaLu-ail L aj i a-all 

£\U>stn\\ liA : (Monoclonal antibodies) AJxuull Sjj^j S-jLaaII ^Lu»a.Sfl 

» i aa jAj . ^rjui'ill 4_c jjj^a aj (_£_jlai laa j* " -iLja-a - i aa ^j-ic ^gl U ; 

^Luia,VI j-a o 19t ftll ^j| j-all i_£Lij i 4 ■ ajl i — J j iV'ill jfLaj j Ijja, M ■ ia-a 

. CjLI j;jaJI Laj!)Ll ja.j-all a il i <a all 

liA <oa^y : (Monoclonal antisera) 4L«uil Sjjjc SjLaJI JtyaaVI 

a.}_aa.j-al! a il ■ <a-all ^Loia-VI j-a i!jjj_&a1I jjLtLall ^cjjxill jjj j\lLa!ill ^13aj a-all 
. Ljiiwa o j i a]1 <Iiuu]1 e^Lja-all ^Luia.Vlj 4-*j-a-all CjLI j-1=JI J i a a) 

Ja.b ^liall jjljjjlill ^ jail t bl^aoll ^Aj :Sub"ClaSS t^jili tiluflll 

I^Tjo-^ G4j 'G3 'G2 tGl ajcLiaII CjUJjjIxII JiLa ' all * ki^all 

• (IgG) G ^^E-L-all jjljJjli-ll ^^i-jill ' alu«all j-a a jLja-o ^Luia.1 

Lii« ^ j s single chain Fv fragment 4I .. U I ejjaiall Fv Ai^i :ScFv 

<jka VI AjLj-ill jJJ LjJba .liiiiJI oJj^c. <L^a j jl ■ - ua j ,^.1 llaj al ^gjl jj 

. ja.1 ajliu-a <aiaia ^Uaal Ajj_jJj^ll Ajlg-illj .laJj ajliu-a <aiaJ a ^Uakl 

jlgJal Sj^all i-UaJI ^aJI ((j^.^Vi) 4j& jj jl : (Specificity) Ajc-jill 

j« t ' ■ « ^llaj aa lil (e^3 .<aliiwa Clll 1* aJ ■ a * jjj ojjjjll JaJj i_£Aia.VI j-a J-iS 
j£]j "I a ■ aJ i j all" al Vi (j aj aaa-a) il i <a all ; — II jl ^jl c ^Jot-all dua 

. / —jLjn^JI j liA il ■ Zaall : — II ^ a ■ i tillAjJ ."(_! L aluball" el Vi ^j-uJ 

^ (cjLjjli^llI) L^iJi ^Axjj A^^aa-a :T-cells ^uUll I^Lill 

^LjjUI Ll)UJI£ 4(Jja.Vl Lj^aJI a^cLuwiJ jl 3jU^all b!iUJI Jiaj Lai ^jaj ^1 ^1 

.La ' . UaHuLJ ^ 

.^cljxSI jJ jjjlill j« S jiilall Ailaiall j : Variable region V-^alai»3l 

jj jjjlill (Heavy chain) aLsoII aLuLJI j-a Sjjilall AiLiall ^LLa j :Vh 

^UJI 
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jj jjjliil (Light chain) AiiaJI aLuLJI S jjAlall AlkLall p^LLS j& j :\ L 

jjljjjixll ^ Aids AiLia e-UaC-Y LjJJJjJ -^Lt!a j^a. Ajdaii ^ j :V — 4*JaSll 

.^liall 

CjUjI£JI ^> species p__aj £jiaj :Xenoimmunisation ^ -u -u lt 

.^jaj CiUjI£ pj (j* Aa uijl jl LpLaj 

Introduction a^jaaII 1.25 

(JjloASI |j* 

a J ■ a-all mi-^VI CjliniaJj (jjliliail) j.laj (_glc Aj3 jjSjoll j i a <^U^JJ 'AjjJaJI 
i ■ ifuij I^Sa CjLuij^l ajtA •(!§) AjcLva ' 'J.'J^ CS^>^' ^^>^ Aij^xoll 

jjljjjixll (jJJj^ j-a JAa-a - ■ aSS Yjl Ig-L^JU ^3 1 g at LjjS 4jjjJal| 

jxuialt liA (jl t _ 5 it Ua.Y t-SjJtil! ' ■ IfuUj .Laic, jjljjjic. ^^^J Clul£ t _ g jJI_a t^^ll ^ 
Ljaj (jL^ ^32 t^^elLall (Jjtall Jj ^ ml ml j S a jj£c _aio ^^iijj^jjll 

tllLuij^jjll a^A jll A SI ^1 JjaJ — a SI J ■ a a" ^Sjqj ajall (jl . ^^cliall jj jJjlilLl 

A o ^^A 5 J i all at i aa VI jj ."AjjjxII al . aa.VI" ! I "a J i a a" 1 AjC _ai Ig-il jl i—i^xjj 

£/ua-a All jjl AclLall jLj-a. a jJ3 jl aJJ i al AijL^al a1 jfrui ' . 1 aj AjjjaJI Ajlsiill ,j 
(jo £-ulj cS^aJ -^^)^ (^J' "*' -*•*■"') AjCjj Clll j AjC-lLall '"'I ijl_ajjl*ll (jx p _jlla 
i __lc v_ij3to]l ail Ajl 4 _ s j*j La 1 1 " 'I 1» aJ ■ a a LojCli [ _ s j1I i alia all 4_iiiJ)^JI dlLjiill 

a J i a all aLuia.YI ^ Sa 1 al AjJjxll at m-^VI 

Aj.ll [£jlall jj^J jl iSJJ^y^ 3 ^ Cy* AjLa tCliLlniajll alia ■ ° ■ a j (Ja.1 (joj 

jLjaoll - ■ SI ^LiiLj JjlxlLall <Ucliall c.Lia.VI j»lc. (J _aa. Aija-all (jjiuil (j a« J 
li& (jt 4 Sajoixaj 'ajj^ala-a <Lalc <a-al LiA ^Jaj i—ijjj: .^cliall jjljjjliJI Aijlajj 
Aj jS r I ' AjI] (Jj^lajll Ac-liall jl^a. jl Aiaa^La L-laJ Ajl Vj 'p JJ-ia J-all 

j^SI A_aljj AL-aSo Cjl JJ-uiflJ ^3 ^)lajllj -"3 all 2_Jjlall ^ ■ aJJ j cAxjiali (_3 l^a. I V^t a 
Cjl«.ljall A-ajlS ^>iajl) (^-"'j jlallj aJjiill Ac Li-all ^lc I ■ <aSLa 
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IgG 4cUaJ! C^jijia iuj :1.25 JiAfl 

^jj'iKl' nli nil ii (j^ 
.((J^jjVLj) ^jjji^a j nli nli ii j (jjajiVU) 
MMj jjUIajjj^ tj1"1;Vi II (jl'li nli nil 

4 Ii ill- n JSj iilujjifl (jjLjj -ial-JjJ (jiauS 
4Joui1jj <Ujjj 4,1> nli nj <Uajj j-s ^jA Aijii. 

AlSaltj (^ a ^) ""^W I'ifou Udji 

.Sja.1 j Fc 



jLixall i_AjUajj <Uu 2.25 

Antibody structure and function 

4-IluLuiI 4 L i -j Clillija^ a^Lja all -1 i .i^Sf I (J»a*j .5_iJi3oa (Jxl jtj AjLLaljoLa J ■ uaJ Alia 
(j! (j<o ' kjiJaall (_5^J Ajjjj^JI ' . 'J?"' — M i_ajliaj (jS^U Lo i^^^cLlal! jlfraJI ^ 
4-a.ljJ (2)1 (j^* 4 ^ CS^' ^ ' "~" ' " '^y*^ 4 J cAjiSjila JJC. (jliuol (_jlc i_S^)XJJ 

(Jj2 j! Jjiaxj] 4jjjj-o CjUII (_jA sAA ' . UaJLuLall ' jjl la jj . (jljJaJ! 'il-ia. ojj2 (_pLi 

j\ <_aj*jll I ifc a al".-^ ^11 Sjj^xll 1 g IK j ^ j^xll J^ljc ( _ ? ]c- i_s^*iill 
jjfLd ^ i '— all - ' ua II ojJsS t4_La e-j^-i (Axuxj ' . LjaJiuball 4 aJail ^ si Ig'u.iVI 

' . LjaJjui^ll 'Lalajlj (_jjAxll (Jxlt (_jlc ja. j^ill dll li <aJ i a all jjj A£jlui<i <Uaij 
AjCjj (2)Sl < (j aa uill sj^jll -laa. ' " '1 ija (Ja.1.2 4jjjj^s ^^A ' . UaJjjmall 4 aiajl (jj : — SI 
a 1st o AjIih-^ 1_JJJJJ ojlc.1 CLllAaC t_£)La. i _ya aA&Loui ^^A J ■ a all ^ — II oaaj 
^ ala a 4_uUll Lit^LiJI ija.lj sJ ja.j^ll AjC-LLall CjIjjI jjjlxl] jq .'in ^^all i - ll ''j-^ 11 

jl AljUalall jjII ^jla. <jl I^A i^g^j . ( CjIj jliajlll j\ - 1 i ajjll ^^11 LjiLa. (2>* is^^fi 
l ^y a a ol".-^ ^ Cj^LuAj-iij l^J^l (jj^J t— Sjjj < Jjla all (_3 p jjll (_>aij (2>a a j laJLall (jljjall 

.Aa.lj Cj2j (^i 1 g *"*■ ^>J3«-all (_jC-LLall jjjlxll 
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(_J£joi]I _&A jl i axil a ' St (JiaJ (_g-i.nL.iiV I ___, " J ■ <a jail SaJaa all _jj 

(j<a (jjijUalLa (jjftl jA a • -J _>*J 'G ^^Jilj-a]! _jj _&JjlilS Y <— Sj^>*-a]l _^jjjjSt 
4iLiaj cFc ajjSjlaSI <3AiiSI (ja 'aAaJj 4iLiaj iFab v aluixSt 1 -SaJ^>St <— sAii 
4iAjaiSt AiLala L aluialt J ^ij^ 1 *'^>* ___ (j^St 4jjj-a JJ^VI (J' aLaSI 

?.Lvaj£ (j-a CllLallajL^aSt aAA i(_<;_)a.l °aj-a .(1.25 (JSjiJI _A^0 'Jjl'*"^ 

<_Llaj tliLaj^jl A iajail jj <jjj)aj tlLaj e__£_)aJI ^J 1 "?* _jj <AJja AjL^VI _jJJj^}jSt 
it ■ a all a i St st^aJ ' alia aS A *\"\\ A\ _j ajt i St jJJJtj aj lilSA iuj tjjjj^jJI 
_j^i 4jj£-a ^Ja AjjjoLjVI 4jJJ_)aJI ^AjC^all aAa. j\\ jl^ AjjjJI aAA .<Sj_)*-aSt 
___ic Uljj lilSAj ( 1 i aJl _jiiajUaLa _jnqjq-s _j nl . nl m j jjjAjUala _jj"'\;°"' _ji±L>iL>! 
'aj_)£la tlllaUaa ___Jc. (JjoLyLuJI si* (j-o Aluilui <_J£ jlaj . ^jj^aJI -/» a 

4 ij iS l ( *' it a S ' a*aS t at AalLuLlj • jjl^aJ^alilt ^ J 1 ^ 1 at a 4_^i^fla— a ^ j j j t " \ \ ^ 
(__.Sc. a^Satla i-5 jt J^St a 2t i aS a Cj!)LlAa. it ■ a«aSt ajutaJI LlllcliaS aJ tjijjjjiS 

Vt^jual ^jj-ail tiSJj a*j ' ifiSj ^1 j p— sheets Luj ^jlL^a J£.uiiS Igjjjj 
dj^LUSt _> _jjjjl AiiiaJI J^^UI s«ttLtf .(2.25 Jlill j^l) ^Ll jkuVb 

tlgiii^a ^gJc. IjLaJcl^ Lj-La Jj£l jl AjUjI ALajSI (_L>£LuiJl lilSlaJ LaJJJ taAA 4jjj£SI 
jaj^La a Ail La-a 1 4 alia a Jl£jut aA«J 4 Sjiill j AiiiaJI Jju^yLuiSI j j£j . (aLjjl ^laj! 

^1 jjl liSLiA JULaJI JjJjui t _ s -S*3 t^^L-all (jjljJjlilS AjC-jiSt ijli^aVtj i-iUjuaVt 
i(_Jja.VI ClLuilSI alaa a Ait jLodVI Ajc SJjiiSt ^ImluiSt j< aj 8j ijj i(l 
• IgAj IgE J 'IgGj JgM aAl.-a.ftSt aL.iia.VI I— flLu-al <JtliSI ^^Sc jj^aaU tjjASI 
Jj^XuiSI (_>a A, jl K ^ jiSI La] c_aLu-aVI aAA (_>a J£ (_ja3 jjSj jl (jlLaVL La£ 
AiiaaJI JjjM-uiJI _j-a ^ jj J£S LaJpUSI __gi AcliaSI CllLuS jJjJc- <liuij jj .AijaaJt 
_J Laiu tLujij 40 :60 A:K <iuu ^-Ijj jLouVI (^ t(jjt£SI ^ jjj Luj Jjiuj 
jjSjJjSii] AjjjtA C-iLu^a) AjujI (jLouVI Ajc. liSLiA .10 -90 ^1 ja. (jljjaSt 

«yl lU>L« atAa^L IgG4j IgG3 JgG2 JgGl ^ (IgG) G ^LuSt 
jliiua aja! (IgA) A ^gcLuSI jjl jjjliil Lajjj i^LjdS! ___Jc. y4 j y3 'y2 

aAA ,_>axj jjij .a2 J al J"£Lai alAaA^L IgA2 J IgAl iaSS jLjjUj 
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(jj _4Jjlill J_a tJ~4i.Liili.il £~ * ~~ " A ^ c ~^ l_IA^j (j-a 4_j_o-La iljjLu 

t_l^j jjiixa, cJiljj (fiill tg ■ J aa SI (IgM) M 

^gj—j (JSji ^gic. ajlft .}_&a._&_il (IgA) A ^^C-ll—l 3A_W_?— J)j tAijUala 
J— 4i_l_ ^ 1 ■ qj) a 1— La 4\ajUa_a 4jc.j3 CjIa^j — 4^3"— ' J '^j^*^ CS"" 1- J 

.(3.25 JS-ll jbil) 




U- 4 JJJ^ £^ j£ .(IgG) G AeliiSI 4jjj JjAj ^mj :2-25 JS^iil 

<1l_l_I i—lfrliaij (J^l Jia <^a Ajjxa <1l_l_I CilpUai .~j1a\S J-lS >« *LSj^ 

jLu_ V L j V H j <>> » jjs—UI iiiLtvllaiJI .-Sal J£ SjjiaJI 

_SL_a C H 2 £Ua£ J£ .Fab <j£ lJIjLI ^^Jc. UaluuiL iajjJI ja >» SI jLa_»j UaJ 

J_ai_l <lak_ J_l J f I J jui LLiii l$J) J__ J_5L_I jjj ljjjAJI 

^iUVi) "' . " — SjUaj" jjc J^— ^ 5ijj-— —I <L_]| 4ii.iii.iil Lgj) 
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FC ' - ffi ■ a a tS^ - ^) ^iajJ ^glc. CL^jSLuiaIIj (liLLiuj Jalijjl) Lg-^J 

JjoiLuj Jj*ij JSLk j-a tiiilj ,jc. V^j tjl (^Lja^l a 1 1)-> 11 (jx Fc AiAiill l^Akil 

o-lja-jall i - ll jjj jjJI (3* L$^)^ ^JjI-G- jffA LllLo^lall j jaAuiaj ^Jajj CllLaALall 

(JllLa-al^ll <&jaa c dlljjS-a j] .Ajc-liall AjLaJjoiVI ^ iajajj ^^ill ^aII ^ 
4_iljVI Igjli^J-a (jj I - U3 iAjC. jj " JJ- jJJ JJ^I (JlaJ ClsLaJ jjl ^-uiLuil (J£joU 

i - s 

^■la - aJ 1.14 ^-i-aJ tillijj . ^jjjjjjll JiajJL 1 g L» 9J ^ ja.1 4_AALa dlljj£^s ^jJaJ 
yj*ij .lie. ij .AjIjVI a jj» ■ all (Jjiataill SjlaaJ lllaj jaj ^^Jc (^jJa. -gjl-LajS 
< li aim all £-a 4j£jLuU AjjljAjS iajljj AcjjaiJ Jiwj Lg_jL9 toAJs CjLa-a!Lall CjU 
jlg-a. CLlLaxiLa l l ■ - j£j i ■ a A Sauiljj La j alalll ^jj jj 1a£a j 

Ajjic-VI 4-1 j£i ?.Lij] ^^Ic. ojjla (_gja.l CjLa-ala lilljA ((Jjliall j .Acliall 

jl Ll^UJI Jj3 cS-ijJ La 3jL-a*]l Cjlill£ll Ajjj jjjAII jl <jjl^ll 

. diLui j jjall 

t 4i]ji^aJl fa . aLuia-Vl) <C.LLaJI CjLiJjJjlc. L-sIIlo) qa J£ 

1 ■ a» ; jj^J 1 " 'J - *- .' ' ' . UaAuiall L_ajUaj 4 alia a UaLajl t<jc jill t alL^aVI I i ajlj 
u] •<-£ J-^l <_W J 6, J' '"'I 3 i aouidjl j<a 4 m « jjl £^a (J^abtill jj£I LaJ^yLa l^ixs 
(j<a 4_) j^alaJI i_aii-all 4ilia_all 4£.l_Lall Clslill JJjlc- <— sli-al j-a ' alio JS3 
a jj; In all Ai V.'ill ■ " L<1 i a a A^. jj jl .ajjliLall 4iAudllj AsLlIaII ' . UaHuball ' fljl la j 

IgA > Vu^ij t(FcyRIIIj FcyRIIj tFcyRI) IgG t_ki-o3 1^ AiLajJI 
iUMkll ^ <j jlila i_buiii 4c jjJI ( FceRII j FceRI) IgE J^, j (FcaRI) 

AcLaij La£ t^^Cjill ' alkali j ajjlfLall <9ii3l alaj 4 alia a Clllill jAjj ^glllj 
iC*lli AiLia^lj .Ailia-all ^JJaUiuixll L_ajUa j jia_l La-a <alja-a j LujIj diLlLaC- 

IgA i!)liLa tj£-aJ Jlalil ■ - i a a 4£.l_Lall dlljjljjjlc. j^i i sLli-aaVI oi* j'-^-y 

ti_ll*iltj ^ j^aII ^Jj t^jyaiSlI jl^aJlj '^Jjll jW^'j 'cs*^' JJ^ U' t> 
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LjliJjjjlc Jj*a! :3.25 JiuJl 
^jjJjjjIc i_illual .4eL\»S 

Ji #Ui cS^I '('gG) G AcLUI 
(^jjjlc yi .2.25 Jl^Jb ^jjUj 
Cp*±j 'tsJjV! (IgA) A AcLUI 

<JXul jA l$la JS l IgA £yt (lA^ J 2 
ij^ajjJl l^jmu jjljJj^aj^ 'IgG —J 
jjftj "iJJ^I 4jjUj jji ii^ J IS jLju 
J— iLLuiluu Aijjx^ Si^j 

<U Jaii lyfcafl SjUaj jjC IgA _Jt 

. Jiiil JjVuna ^ ASlyUlt <uc jifl 

_j jjul\ IgA _J Jajaa Sjj»j*S 
dllu .(j>J) "4jjlj&t liUjlafl" 

(> ^il>4 Aou-Ui AjL IgM 

AjjUj Jaj! jj AJauil jj US jtuu (jixjJI 
oAajj .IgA Jla 5 <Vuj ilujjiil 
j^jUi j) J— A,\i At ii £yi Sj^lj 4jC j3 



1 jja ■ a a (La j^LSI ^ Jj^._oaSI (_>tlJj j^Lall IgA 4-jl cs^ 4 " ^ jui ^- u " ^ ' a JJ 

i^U JSAj IgG— SI Jaiij t jL,u)/l oic .(3.25 J^l J^) jji-S IgA_SU 

i Jj] _4aU AjIjI AjC-Lla 4jLia. (jJ-atii (_LiaJI (j-a ojji.VI (J^.1 J-a]l (J^Li. 'LaJjoLaSI ^)JC. 
^yt-aSI ^g-ilSI (j-a IgG SI i_Jajjj t !)&a (j^ajljall£ <-jLI jjli. ^ Lai 

IgG— SI Jib ^iSI JjSL^I .SjVjII c> cTjIcUJI lDU. 

j '(neonatal Fc receptor FcRn) ls-iJjJI s jjLiall 5i^iSI Jj^.n^i 
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tjc JIjIIjj ciiULc. j^i IgG — 11 4J-«a. Jj>^« 

IgG 11 till jj-all lillj JjaiuiJI IjlA [jSaJ .£}jLJ Jj (j-a Laj^l ^jfl o^aC. 

4i_liaill ^aUi aj tpH t -jja.jj " f^Jr (j -0 ' '""'^ '' " '* -0 r! a -^ c - '^-^J <J^-^ t>° 
^jc (_£jlaj Ajjla. (J^-^ "S^a jjj-^j '"'^ ' ^*JJ^ CJ*^ I§G ojjlilall 
jj _ajjlill l-l^J JJ j-ij ojlej 4-ilaO Jjij '"'J-- 4 -alaalill aa all dillijj^)jll 

p.Lic. Jj A-gja jj ^JJ AiCiUaj 2jc tA (Jj3 La j^-JI Jj jbul iajJ^all 

LajS jLuc-VLj 0JJ.la. CjLxjj j AxaAl lilLaJ Cjl«.lja.VI o^A jj < 3 jLjSa It J .La_plJ 

Jjjjall jaxII ■ flj^aj ^jjstJ ^j ajuia.ll (JaJj IgG 11 AjjIjJI CjlajfiajlLj (jlsuJ 

jLjaall a 1 117. II I^A (jx JS 2_La£l 4a.la. lilLlA jl LajMJI <J jjJaxll a 1 aa 13 
' Li aj SjaaS .Lajilill J Ala i—JjILiaII jjSjjll ^.Lajj (JaJ (j* ' fta] 0 jjj_jJj 

Fc Sjjlilall Aiiill AlLiaj FcRn JjSLjiaIJ (X jill iajjll Jc aojju ja*1I 

. jxjlSI I L*aj J (Fab) jj aOuLallj JaJjll Aiii a J uiaJ jjjfc V lillijj JgG 11 

(jiVi) 1 aa jl i IgG 11 ^c- jj J* FcRll Ji'^'iiflll jj£ ijhn; ^jJal jll (jxi 

l j M ^ jjll I^J 'oAl_)2 (j^ajL-aa. ^^A j-a*ll ' L aj ojj3 ^I^ILalj ^g-aJjiall JliiiVI 
^gjta J J ja. j-all JSjuall LoiLul 4jtj_aj aJ FcRll ^jjoVI jj .Ajcliall CjljJjJjIill 

lAjA^I La-lS j!i£l CllVli-a <LuLu <j£lj (Jaa9 IgG II JjSluiia (j^a aJjljll jljjaJI 

i^^iaLall jjall (>a CjUiiLull .kJjl J BraiTlbell Jfo'jJ ^TflUll iliuiVI 
j^l (_pa*jll JJjoU (illil t IgG II ' " y°"' ■ " a (j-a (jjlS ■* J _ja. _jj cs^i J^ 1 ^ 

jjcj (_>iajljall ^ ^jjt-all jjc. IgG — SI Jaj : JjSlauilt ^"wjh j y) LS &5> 

• FcRB -la j-all j^VI Claj lift JjSLuixll ((jLuj^l Ajc- 4 ajjyj all 

t 

^gA ^ 1 aJ uLall olaj ■ a-all - 1 11a II (_£.ll ^^jll Ajc jill (jj 4 j£3 ^3 LaSj 

(j* f-l^a' <^ JJ«jll Aajlj ^gA AjCjilli .f.(jj^A\ (j-a Fab Aiiill Ajj-ala. 

2 Lia II j 2 UMI aIuiIuiII j-a JS1 ^jM^sfi ajU^II ^Ua5 (^c-jj .Fab 

AjiLaVI (_paLaa.VI (JjoiLjJ (JjlaJ ^aui j -(VljVh Cjl&Ua3^ ajjUtLall <alaj all J 
(jlaLLa dl>lj i—L^>3tlj VlJ Vh L>° (J^S SjJ«J<all (^laLiAll (jxi OJJJ^ jl^cl ^ 
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'FR2 tFRl) <Ua jia-a AjaLia] J^J* (j^-* -0 £JJ' J^- 3 -lajia J;lij Clllj o jJT.ua 

djUk j^l <L jaJI jtliJI JSJn 4 jUjVi aj££1! cjLnJ! ^ .(FR4j FR3 
oia JjiSa j (AauiLuVI ii '•**"' ""^ ; -^j^ ^U..,l > j'-— iu3t lg i <a» j ^ ^"tVi 
Complementary determining jil jjJI 

.(4.25 JLSSI jtsl iCDR3j CDR2 *CDR1) CDRs j regions 




Laj lilfrUaSJI sift iI6Luiiuj ^ .s jjiUI IgG _JI LjlfrUai (>> Jialia :4 25 JiuJI 
CDR2 <CDR1) J4ISSII JjJaj jJaLUS J (FR3j FR2 ^FRl) J%^!l 4&ai» cjiLA^S 

jLuu ^1 iki^oA P CjVA^ uiljj] uA jj OSLmluu j_jA Alkla C£UiluU jl .(CDR3 J 

ciljj (^ISI Sjjjtltil LjliLaJI CjUL J^LSjII JjiaJ jMia Jluu .^UaiSI AjIJ ^IjkuVI JluJ! 
4 1 ml 1 n j£ jj^> tjjzi i^JJ <Ujjj 4 LuiL n j£ (Jjs CDR -jLibk iilj iiIU& <.VI. „.IK JajjJI jjj) 

AjAmaJl t_JJJj!i]! e-Slcj 4-iLaC- <^ilj ^^A 4 alia ail S M 1 axil ^Lota.VI <j-a <-l^ °-^J^' 

^ .(5.25 l&^I jtsl) Iajj^ J^l Wl ^ «M oi^ ^ 

Sjlcl CjllLaC ^JJJ .Jj V (jJJ3«-Iaa]l S-^J^ Sjlcl (_£jaj 4l1.11l1.11ll <ULa. 

(jl (j£-a-a]l (j-a . li oluj all ' IgJaJj (JjiLuoI t5 J& lilljj AjjLJI Lj!il^i] '0 J^ila CxXluii 
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j^jII jjaJI £-IaS L_uU> J] 2 UMI SluiLill dllj AjjjUill L_aU^Vl ■ alia a] 

hod -Hmmo ^- i n m i ml \± 
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aJlfrl <|jau iAjjLJI AjliJI JjLu J^H Jai ^jitaJI ujjj^I ajlfrl :5.25 Jl^JI 

jiuu OJ^J AcLIaI) jjj^&j^&lS' (j^s Ajfrli aLSj 4 1i nil ill jiuu Sla>lj J)J^ iAjjLJI LSliJ 

CjUjjjJlfl - 1 fljS ^^Sjj 1 .'„'*' j" JIxaII LjlLaJI 4 ift .Aft Hail (jjjj^alc. (j^i <Uftli Alfik All nli nl 

4*iaa CiLjjjj Siel .^^^iaJI RNA SI Jja, AjIac J!H L^ljj (introns) 

ic-liaJI (jjj^jjlc Ju£luu dliaj .Alua ^ AjjilSl AftliaJI jJjj jl& Aluiiui uluaJ J-D-V 

D- jJaS tillj ^ J- j V- jJaS iij'AH 

"ULjjjaSI jUa^Sl ti ny\\ i_flXui 3.25 

Antibody protein fragments 

(_J£^iJ a JbJj ^Loia.VI (-3 oJj^._ia1I t a^ujjl ^gAuS 

4-aj!>La a Jj i aj t-a.li.all si* (jjliLil .(6.25 (J^*-^ _^*^) " '-Sjjla 

<LajlLa ^gA Fab Ailaj-a (jj i^alc (J^jolJ .^g-ajjjVI ^^ijJj^jll Jjlaall (jj^ia (jC- 
J' aLol\ Ailaj-a t A^^Li. ojjj^aJj cFc Aalala LailJ S^gjjJj^jll (Jiaall A \\t\r\ IjfuU 
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■ a all - 1 "7- SI j a lalui<all jlijjjlll aJ_}jl Jc I^LaJcl j . Jjliill Ajujjoi Ljjji 
- ■ na SI 4ia |T J*''" 1 all ^1 J^a-SI ^J^lj) ajLual (_£ja_j (_gjJI 3 w all (JjLaXall 
(Jj aLaSI 4ALalal ^^jjjj^ill (Jlalll A jaj ill j J JajjS lilliA (jj^J (jl (j£<aJ ' ( ^ ' 
AjjLij jjjaiaAl Ajj _jJj£il AjLj-ill ^-g-^ ij-a J^"' 1 ''"'^ £^ J-a (j^J 'I^A J' Ijj lillijj 
jiaJall jl£ 131 Lai iF(ab')2 j£ jiti«fl iJ^XoiSI (jjj 4*51 jJI Csjjj£1I 

Jl jja.1 Jajjjoi al-laiuil (jS-aJ i(JjAj£j .Fab *— SAjjo .ll jJjS iAjil^VI AjL^-ill A^a. (j-a 

•F(ab') t> jjSbjS JJ F(ab')2 lL-^1 5Jn«-a 

DNA SI i">ljt'a" J \i.".„\ < (jjjj_jJI t_aAijj (jc jj;t'iSI Ljajl (jlS^Vlj 

tV — <alala Cjlclla3 Jc iaaa tFv t— aAulS i(_£^)al AjjxiLa llllaHia (C jlaj . t_J jjgLall 
L_taj (_jiSI ^ i '-- ail a i "-^ SI J a -la j jt i f-il Ia jliicl (j^-aj (Jllj iLSjLiiJ a alt jjc 
»J luu^a Jc Jajjll 4-jL^aYI AaSVLi liSlj j < 1 1 aJ ■ a all ; JaJjJI Jc I j-lli Jjj jl 
tAjjJjLall AiiiiJI j aLSjII (JulJLuJI (j-a V - .ilajVI I^A jljiiuil (Jaj (jx . .lal j 
.laV 4jj_aJjall Ajlg-il! (jjj liaj al (Jj-a _o^il ^iiij (jja 4*ia2 (JLij] LocUaiuilj 

(jij jjJI llA jc JJJ*j1S 4jjJ_la Ajia Jl jaYI ^Laflll 2y.j^VI Ajlgillj Cllcllaall 

• Single-chain Fv (ScFv) Fv i-iii j- S.ial j 4. L .. 1 . , £ g^jiiall 

^Lajll j>a (J£ ^J a jj» 1 all a J ■ '— all -1 ma. VI ^ j .n 7. al ^ Vi l ij j^-aJ 

AjaL ja -3 Jal t i 1 aJ 1 " all J JaJ^ll a^J j jl ^almV lilli j ( (_g^-SI , — ? SI (J^l J j 

p7> -s (jl . (JllLaAlall (J 1 11 1 1 o*i (JjaJjj Fc CliljaluiAJ -laJ^)ll a jdk Ij^fli ^3 (j_jj j£j 
lAjLuaijl (J ajl 1 j'-^j (jl Cj^LaJI (_>a*J J AjcUaiuilj jiu-aVI ' » 3 nill a^A 

^jlj^a ^jSj^S "I laJLuil (_^jaj La Vie t4 , ^iLk il^Jiiijj 
Acliall (jjljjjlc- JJ A uaillj Ajl Vj -le^l - 1 aa SI (Jab Ajjla dll aJ 1 a I al 1 "V 
Jl (AjSUlLl tLaaa. jaj^aVI i_aOiill LaS Aia ajjLlall ASAjill jljSa c5-ijJ '(IgG) G 

(jji* _aA LaS iLaj^Ull J j^utSI I L aj ajjil a^-a (_paliajl 



- 1 SI Jc l^>iaj Jll A-aajall A*J La ClliLi^xj (jl Jl Liajl AjjjjII 1 ■ laj 

( ii'Uf-iVI j(; SaJ J 1 a all ^ — a SI AiiJaj Jl AjjoiilL <s.ja. (jj^J (jl tifi^i ^ ' ~~ * 

CIAjjSjoiII (ja JaS M jl ■ a <ia jia-a (j^Lal a^Lja all aLuiaVI (jpi AjC^all j AjjoijjJI 
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i^ja .11.1*11 Ajjj^jJa Cjj (Jj jj£j!)liJI Jaliij! ^aJJ j^jjl! 4_Ia alt Cf}2 

1 1 iaj j to j^aiiLcJI Ai^uill i " i u a _ ■ ■ J^j J\\ j;!^ ' . UaJluball ' fljl la j (Jllljjja. 



^lc.j M a ■ oil Jj jjfLj^lilL) ialjjjVI dlLlLaC t _ ? lc .laJAJ (_£j!I CjLaaiaII (J^*-^ 
^^A <\ l jjj (Jjjl^LuiII (J^' J Uiij ^^il! CllJ^)^]! AjjLij jj i ua SI (jli tAjLio _jaj 

4ji ^1) ^il! i_ljluiVI (jj il t^LaUll i . f . oa I I Aiilajj Ajjjl 

^1x2 . jLiic-YI (jJ»-J ia.jJ ^^la. <Lal& £JjJalj^s 1 gJjSjdl 4jnala.ll Jj^lallj aAuJa all 

AiLja] CllLjLaaJ ^Uall 1 _ s ic lijiiSUll sj-iLa ^jC (jl j i aa II ; ia.VI ' . ta J tJULall Jju.- 
^lljj (_pLa. dlJ^)jSill AjjUj > aa *Luijjj tjjijj^jll till .la. j £iAa_i jl (Jj j j£L£/lil! 

I ■ lAuiull Jjj^ia (jc AcLLal! CjljjljJjlc. 




F<ab% 



Fab i. 



Ajs. J& uiAuJI :6.25 Jiill 
(2)1*1 .IgG ecsja. £y> <U&liII 

JjJaaJI JiU (> Lai UjJjj 



F„ % 
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Antibody affinity jLoaJI tei 4.25 

LaU Xalc AilVI Jfiau 4 ( _ ? aJ f > 117. 11 (Ja.b j! ^Lajll 4 CjLal .ikluiV I (j* JjJxll 
ll.ll.laJ .LljLaJ ^cHall ^la-il \ 1 tajl j^lj °'" .Ij-laJ (Ja.1 j^a iaa3 ^jjj] 
- ■ aa SI i_s£j-a jj^JJ O^M* c?* ' L>°^!^ oJa.jJ Ajc AjQf jt jLajVI <-^j) 

- 1 aim 1) adjuLajlj 1 <a all a 1 -7- ll Jy£ljJ JJ 4_iuiilLj 1 ■ bj 1 a all j iajj^all il 1 <a all 
li adjoiall ^-a J il j* alt (Jclilill jl (j^ajJSJ .4jjljaJI Aj^Laljj^ll jjlj^ 

AiaJjmJ dll AjJalujx -S_&a.j JaS3 1 j"' JJ^VI 5JlaJI _4& (_cjll t^al&ll J J* 

- 1 aa SI <ill jlaJ i^jjJaLall .j iJaall - ■ aa SI jx Fv jl Fab <— 5.1^ jl 1.1a. 

£jabaJ a jjj _ja1I ^ ■ axil - 1 SI (JjAjS (_£>La. (j« jl j jIaII <ill£ijVI A Sajoiljj ■ iaall 

dlLpSj al laluil 1 il ■ a all a 1 SI (Jl 1 afljlj -iLajV oj^uLus Ajjlall 4 u.nll .lJ.laJ Ija. 
AilV JjaJI i_uj£ill JJA9J Ajjl£-aj (jl cSja. t<j£Jj .^--a^pbJI (jjjjll L&-° 

4_ill ^Ua-all J ■ axil ajoiaJ.1 Jy^JJ ^LiS (jjjjia j 4 - v alu all olaj ^ 1 axil - 1 aa SI 
'ATt/ iJL^ijVI dljlii lift JaJU li alaiallj ^ ■ aaVt JaJjll Aa. ' tj-aj «iUacV 
(^l) Ka aUjVI ilulj i_J jlLa tAiiflaJI ^ ^ ^glll im L^Uall o^a. jJ Ajc JJ*-all 

.(Kd=VKa 

^51 _axi (j-a jjSI jl (jljjj tojl& tl^J^l a J 1 jaall aLaia.VI (jl IjA j£iill 1 ■ LaJ 
^JUdll i-.Ja.all ajoiaj J^liLall (Jfclidll jj£j La Ullc AM Salall L aL^Ll iajjll 
,*-a IgM 'J^o) A^su-all jl (Fab £-a (Jxl£ll IgG t Jla) _)5lS3ll 

jl Ajla SI ^Jc. a 1 aj 1 11 a t Jjx) AAxILa 11 ■ <aJ 1 a a ^a (Fab (^lalxa jjoiC- 

JcLalll ajS laJll ajoila. jL^a _jA (' -lL a ^jajui ^^Ic <£^pJI JjLa i • aJ 1 a a 
(Ab) ^ 1 <a^all a 1 aa II ojji jl Aill jj L taluiallj J 1 jaall ajaiaJI jAJ J all 
j-a (forward) ^-aLaVl JftUill jA«-a jjj A^oiill Jl (Ag)^alaLall 

:l_i£j*JI '^j'l (backward) ^.At-SI Jc-Uill J^«-a j ^j£jJI JjS *n 
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[Ab] + [Ag] [AbAg] 

^backward 

J_ [AbAg] (1-25) 
a K d [Ab] • [Ag] 

4 » J ujJ a AjjJaJI ■ " 'I i <a all j-a jyliV 1> <3lLuha3I olaj Ail^l (jj^ L)' ilfi^i 

on-rate J^*-"^ J^«-» aj^J jj£j u' lA*^ l-^tj jl ' jj' j-^ 

JL^jfljl CjjIj) Off-rate J^»2 Jjji* t^-llalLlj 4Jj!&J LWj1 (Kforward 
all V tJlja.VI *Ji*-a .Jjij&SI d^*-* ^ '- " l^ " l£A?J 1-W (Kjjackward 
( JULaSI (J^f" 1 •'SL^^P^' ^-'^-"^ *'J ^ jj -^JJJ^ ' " ^ ■ <a*aSI - ■ aa SI al laljjil 

•; al ■ '-^qW aLuia.^1 -.Wi , ,.-| La. "Mf. jl 1 1 1 aij i a a 4jilil il i <a all a i "7- SI Aill al-laijol Aic 
il ■ «a all a ■ "7- SI Aj-a£ o^l& jj£j idlVLaJI liilj <_&"° (j .Ajftlia (_>uLj3 Cjljjl*-a ^ 

I jJ ^ j^Vl (Kf orward ) ^LaVI JcLiiSI J-^> j_& <jl tlua. s^jI j 

JJ j^lH ^-ijiftj jj^i j-all a il i <a ail al ma. VI al.laJluA£ ' ' &Sja a JLLa . L)jC.j-a 

- 1 aa SI (J^Li Jj.1) (jl ^1 <a.LaJ i jaaSI - ■ aa SI jli < - 1 aa St (Jajj Ljc-buoij ajjSI 
ialaiSVI 4_k^j3 4jJ jj^! (j^ 4 a ' "'^ cs 3 (J» ^"'JJ J"'* 'J Ia.1»-Jj 

<J.l*-aj 4iS^I) 4l»JJ c5-^S j»JjSI ^^Sc- ^ ■ ia^aSI ajaiaJI jIjaLmI (jl 3 i aJ i a a 
il ■ «a all axuaJI £^j-a) a a i ajVI ^ ^ ■ <a aSI - 1 aa SI jLiijl CjV -^*-a 1 i ajlj ' ( J i aS^j\ 
."Lae^La jj£! il i a^aJI aLuia-VI (SI .MaJ <J-al jC (5i.l»i]l aa a jl 

Antibody specificity jLaJI ^uoJI ^ua^uai 5.25 

jj£j La LJLc. '^>a.l alA ° a J ■ «a aSI - 1 oa SI a i aaJ jl Aj&^j jj 

J i <a aSI - i SI ^StTi i \ a La I " Ua j-o .4ilYI - j j ° a I ■ aAJJ a 

- ■ "-^ SS jj^J jl l^a. (J^Ja aSI (jxi2 .i»aa CS^-^ tJ^-'-' l ''j s^iSI jl AiSVLl a i i '— "' i a a slaj 
jLa.VI (_>^xj ^ iSja all i— ll L aluLaSI j-o (jllaj slaj CjlilVI j-a I 1A3 jl 1 a aSI 

t—lic-VI ^ I aJJj (LaLu (_pnxj]l Lj 1 '■*"• A al«J a JJC 1— ll L '-»* — SI sift jj^ jl j^H 
CjLSj^ ^Luj jx AjJlxJI (JiLa) Ai!ilc. Cjlj ^JJJJJ dlLajm ^-i liSjluij Lpli 
' '"fc'- a Sad jl j£-aj jl . (oJlc dlLajoi ^ tdjluij ^^ill A alia aSI CjIjJ^ _jjj^1I 
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i il v ■ a a alaj Ailja aj AjtJal 3J a Ajiila j Cj^ylc-lia ' jJ*x 1 ■ i a a] a^Lja all at m-^VI 
(jjj jjJxjll jA J ■ axil j — 11 _aa.jxll -I „S/I (jj t ^jjaljll ^^jx .^ja.1 

J i a alt - i 13 3 - tal 3J all vlj^lc-Lajll jjfi t VIt e, ^jj-a J 4ilia-a dlt.li oJ i a a 

(jj^J I— iVLa. J A al aaOjml Ale Lai ^Ja i alt 3 ■ aJ i a alt oLj^j ojjillS. 4 n ml -> 
Jo .axjaj Jll Ajijdll lliulxc. J Lo£ < J aJa a JJC "aL^jII" lilt L aluaxlt j ^tialYl 
si* (jx (_$lj Jjxj V 44ji£.lll <lc.j^x J £cjjx J i '— "' i a a Jj^2 JaJ jx AilYI 

jl ^iLstll J a J i a alt al.uia.YI al aalmt JDLa. '(_£ja.l jL^a. (jx .AjtJalSLalt CL^lc-laill 
4-a.uijVI J Ailii^al! tilt aj^aluaxlt jx JjJxII c*lliA (jli '(e^ f ■ 'O M J^ (J 
^ ■ a alt a i aa It Jj3 (jx AjiSjJx JJC. AjtJal 3J a dilclij (. jxij Jl (_J.ajJ (jl (j^-aJ jll 
I 1st n vLalc sjlc (jj^J 3 Lax tlgjl.^'u.il Jjj^Lall . '11") JJC. 3 7- i ajlt Jo 
- ■ aa 11 ^Jalijxll Jclidll sA&LuLa £-llallj Jjxj J i '— alt ajoiall (_jiiLuil Jo ajlsll ^ulall 
5iLUaVLl < 1 ■ ■ a "II lillil j ■ axil a i aa II ejji Jl J^l L almxlt £x J ■ axil 
Jclidll IjA jl iAjbSaJI J .JjLlall Jclidll (jjAdsl ^aaioLall SjdLtxll 4-iuiLxa. 
(jx jdJJJ La ' ■ Ujuaj lilljj a^jLt-all ((j aj aajj 4dC j_4&Jj Jl (_£JjJ (jl 4jl£xL> 

.LjJdjmt ma J (jj&Ua jin'i 

<LLutl!t aJjxla dJtuXa JU^at ^LHIj ^j*ta*tlt 6.25 

Immunisation and production of plyclonal antisera 

aUSJI ^ Acldxll jl^a. jl nnmV < - aadjjjj Jl JJ V Jll J iaailYI Afljlall jl 
I jl^)x LaJj^ AjxAVI CjI j CjLjajxxll jl jl jxll (jx ^jxluix (JSjuaj jl JJaJI ^ J *'"''.' 
a^ll Jj^ax jl Laj^Li j« aJJ XJJ aj ^)a.l (jx ^ujLuiI a2c Jau aJ t^j^jJo S^xlj 
jjx AjtLlxll AjlaJjjVI ' " 'I ,J '-*"* a^3 - ^ alt (jx .aLmSl Jc- jl (J^S Lj at aaHuaV 

J ■ axVI jx dlt aj aluixlt ^1 jjl ' tlja a J^"^ ASaljxll J£Lixll (_>a*J tSlljjj Ja.1 

8.25j 7.25 j^ill (^JJ .SjLiaxll 

Ajjtill AjjaJI (jc- 4-lsIuixll OljLaluiVt cLaA j a ■ aJ i a ail AjjLII AjlaJI Ajlalmt (jx 

Jl^u .(8.25 Jl^l) <utill ^laJI Jc s^xjxxll cjLUiu^Vlj (7.25 JLill) 

AcLixll (jjl jJjlc. ajljl Jl 4<LjjlHll AjlaJI (jc- 4 l£j i a alt tAjjLill Ajla II 4 jt aim! 
.lAa. 'sjjSjxII AaiJI a i aJ i a alt ^x ^Ijt yjjll J^La. (jx AjjLII LlvLaJI ^tlaj-u Jfc 

.alai .Ajjjjll (_>^aLaa.Vlj Ajj^jjiII jjA^llj 4 Clll jjj^ll Clll L aJ i a all s^A Jjx - ■ aJ 
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qa sjjjS CJluS. jj& Ajx jXs LpLa J] Uju jjtajj] JilSSlI (jlj AjjLjII Lj^sJI 
CllAaluil £^J^I 1^* - 1 aj .^ ( _ s joijjj (JSjIj IgM ' ' a) <c.LLaI! CjIjjIjJjIc. 

(jjjlll 4(jLoijVI B Aj3 CjlJ-Jaxj A »^3I Aj3 ClbLiax CjtjlalJ 4cliaJI 

Ui' - 3 *'* (JS (Jclajj i " Ua j 4 CIjIjJjAjjjS J] (_^a^)xj]l c-lja. 1 jUjiu 

AjtLlsiall ClL^lc-lijll ^jic jIIaa (JliLa liA j . (jj^)a.l (j^aLaj^Y j».lll Aj2 ■ - it J ■ tad i a a 

e-liiiiuilj 4(_£^>a.l AjS <jx Lsili. Ij6-^l J I _jjj^J (jl (J alia all JJC. (jx a^Lja all 
^»Luia.VI ' " ll ^ i a a (jj . (J^aJI ' ■ iSc. «.luij]l jl ^ajl jjc. (Jaj I jslj (jjill (j^ala-uiYI 
'IgM 1 oil (j<a e- ( _ s -"> lK (Jj3 (»* lM-^I 'Bj A »^3I dllcj-aa-a ■ - it J ■ a a (j-o 
(jx jaJI <jl 1-a jilajll jAiut ""*-) jjlajll j-lj-lc. (j^lj i '— 8a 

,j SjjSlla ^(JISjoiI^ Jja._jJj (JaJJ (j^t-al B_)Jjic. '^"'"J lift Acliall (jjl _JJ_jlc- 

. JJJa .la ^1 OJJJJ li^aJ — SI J JaijjJ (jl (ja^^ll (j^> 1 L aAuLall 



(B-1) 




IgM 



IgM ^UW iiulu&l £i\ jlaail i>l 4jiail jft'.iiatt 4oiUil <LjlaJI 4jU1J :7.25 Jiifl 

jAj (4jjjj£jil ijljAjA JJjall <J1») »JJ*l a J f IjaVI 9 JJ^la ^ LJJ^i ^* t»* 

slaj 4jC jj dJlai ^1 kuld\ IjiUJi ^kui jjJe Jjaj^l jUoaII ^ ail ^ 4>l>^u ji Lj Jft jjli 
IgM It jjjj ^x»j!U Lj5U (jit tiiii Jiu jjLiul iuUll U5U3I si* Jiiij ijaJI lifJ . lualwil 
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^Jc _l&i*J ^gjll dll li alu^all ^gJJ AeUall CAjUjjoiI jl j^JJ ijjjAxll (___!& j 
4_alii_a 3_i jii. ^| jj| 4 iajail jj aJJ till jiai. oAC - i iaSj I llS«J AjjIjII LivUJI 

<_J£joi1I ^>l»jl) i_l£j-all aolaJJ "UAjJj oJ.li-o Ail^)laJ S i aJ uball i JalailVI <_UI L>° 
li adjoi^ll AjJajle 4 i aalLa Ijili ** U,„lji . "il ikl ^jj jl -(5.25 

Ijjla dil \f\'j.'^ oi* {_)'■"■ jjSj tLjjlii dit ^"'.'j; 1 g A j^^' (APCs) 
i(MHC II) y^jll c^^l (ial iiSI j* t> II t-ii^JI ol5>j iajjll Js- 
J*J .MHC II SI £-a CjL£j^ Uaiajai tliljikiJI (J^J*^ L£UJI * 

Cluster 2^1 l-JT — 1 LM) CD4 + t£Lk jV ^ 

(> jjSUll t_£>aSlj -lajjB II t alkali j^^j ajMI ("designation 
^bjUJl L£UJI <kJ jj Jkiij Ujli tAikullj MHC— II 

li iiJ ojjla 1 . Sai ifc AjjLII L£UJI (jl LiA SjUiYI J^?J 

jC <illjj 

Ijjj .MHC II SI ' "'1 IjJ 11 I i bjl aj£j A^jlilUj t«.LixJlj 

jl UjlS-aL < L aOuLall AjJajle AjjL AjlaJ AjjIj Alltio CD4 + Ajlk ililaifcll 

jjLoJJj ' "UUjJI ^J^-SI ojU>] (jpUal J!>U. j>a AjjUI Ajla SI jC-Uij 

Ajja SI jjj (__><aUJI jjUllI j^s CjIjjJ oJc (_£>Uj .Uj.ll .lUis-all a i aa SI jj&J 
a^Liax UUia.1 ^c-ilil (J jajj jl AjjUII Ajla SI AtUakJj Ajli (AjjUII Ajla SI j AjjUII 
jj£jj ^Auia. jjALj ^^Vi jl j£«j US dgEj IgAj JgG— S <_s ji.1 
dll i i aJ ■ a c jjSj jl i— Lag t3-alc sjjj^ajj . ^ic-l AiSlj L «3lL»i all j -^J^ alSH« 

. jijj^jjj a jl i - ll j jS jjj AjjUSI AjliJI ^Ic- aXtHjua W AjjLJI Ajla SI 

AjlaJI jc. 3 Va' i a alt AjjLiSI L!iUJI jjj 4£jliUj UU lilLiA 
AcliaSI jlg-^. -^J^ 'j 1 ^ (JSjoU .^lil! (_Uaall ji_J^i-a j ' UjiC aAxOauall j 

li aiiuixH ( _ £r Sc- ^^Uall jJjJ_jlkJI c_aj«j (_>«a^)3 J^°"\' a jSJ lafj <a j <— SJ3 jj jSl^a 
.l^ia j^U'UI ^jj 4j\i 4i&lilall AjjIJI Lj!iUJI JUj ■ - ll J J ^ii^a-all ^lill 
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.AjjIIII 4clj-a]l 4 jl aliuil (jx Ajjuiaj-a <lla> 




a i aSj .3 j il'fl 4ala It ^^Jfr alfLj-fiJI ill «UlaJ -ubLl^l :8.25 JSJall 
jjUiSI j Ualut^t L? l& lJj*!!! iAjjLlSI 4-ilaJI 1 _ r Sc. jUufrVLi 4jjL1! <LiaJI ^Laiuil ^ gjLill 

(jfr jjiu ^1) Sjc-LulaII 4jjU1I <UlaJI f^aj ^1 3 ilia - tt L£sUJI £l jj| £a JJfr Lu2 
ji jbdl UlUJt! ^ (MHC 11—11 Jfrlui* Jjjluuj cCD4— II f-isj^ 

pM\ lifj A^aluull h± jbdl U5U1I ujau .(a jaJilftfl LjiUJI j a jjjSII L*L1I L£U) APCs 
^ t Jajjll Jj-iai JilJ '<|j2a-i MHC ll_!l fcsja. {> L£>« tfaiaui jju 1$jV 

kalui >11 dLujaJ < _ r iujjjll Jjlajll Jiti <j^a 45luU ,_yA till LjJjjjll sik *.V.. lull 

ipLk JjI-9jj £l Vn". n Ajft jill AjjUII L^LaJ tJAj .l^iLul aJ / Jill 

»jplub4ll CD4 + AjjUII LjSUJI (JjS jcLuu <jl i_iaj L^ili tjLadll - ■ --^ II jjiu ^»JXi 

kalutall tJJJ c)i aJfrluiall CD4 + AjjUII L£UA1 Vji loj tjjaiill lift Jai <>j .AjxLail 
.(APC) 5 ja.Ju.^11 LplaJI j! » jjuSlI 4.«,xLll UiU. 4ku»l jj L2a jjjl- "gJbuuT 
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<jxs iJliLall (JaIui (^jiatS .^-La-all (jl JJ^-H ^ Ajjlill '"'I L aluiaH J 4iDl& ^1 IgJ f_yiA 
jLuiiVI (j-a °"' *■ all ' 111 lp J ull j;lS is.ll.lE. tills jj3 lilLiA jj^! Lj' (J 
£-llall 4-a *lVu i-rtj jli j^i 4£Laba]l lillj j^s '' .'T* V /' ^.f' ""'^ " l^luLa J 
( _ s l]lj L aLlm^aSI (j<a ^ oh-^ jjjIaliAll jjj . ^jjjlila '■"'*') p _jj (j-a Jli 

J aja „ti l y a ^jlllUj (AjlIaIula aiil _aa. ^ ^ i n"i J ■ <a*all a i aa il (_Jj3 j-a 1 ^ jlr- l_S^)*j]l 
^3 jpSI ajl_a^J fl.Aj.ta all aLuia.VI O^LlJj (J^l (j-a ^g-iia^iill ^jlajjl jj£j jl 

aJJ i uj iLal* I^A jj^J (jl j£-a-all j-a . jjlilall ^-jlcdll jA La-a 3 i i u all 

4 aJja a j»jlj^- (^l*- tll9_jll (Jjiiil ejLia-a aLui^l o-lc c_a^)au j>? tlia.V 4jjji3lj-a 
.(Jclilill AjCjjj (ojJdll) AilVI /g3 ^)&Ua juiaJ ^1 g"''^ (jl j£-aJ .la.1 j 1 1 aJ i u a 






<> tJlaiS L£U ^LalSI lift L-llkL .iLuull sJjaj »JUa*]| aluts&l jrLuj :9-25 Jiiill 

i4jj$l Ajelijfl ^wjjil LjiLaJ] 5-alu. LLuijI ^3 j^iil ^ l^Jjji Jili <>> 4^jUJI 3 j !t 
. J^l j <LLuull J jLuxa a i i>a ^UjU a J^J 4ixuij j£ jl du2kj L^^ui aJJ ti! J JXJ J 
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QA j!i£l 4.T^,<lli,.Lfl '"'I 3 1 igLlubttjl '-— * J jl _&& £ji«jSI ^ __)^l jlLft (J-alt 

jVI ^Ja all j-a j£S J c^liSI J aalill ^1 Lu^? 1 Aj*^ tj' U^°^ ■J^'Vl Lgj-asu 
o^Jiaa Clsl jLaiL) 4£.liall (J^*- 3 ^ AjcIiaSI 4 jl aajm!^ ! j»L$JI jj£-all (jl I ■ <aJil 

(j^i AiLobo dlU J^-aj A-li-lat^ll ^^>^l ^l_J-aJ L bluiall g-a-i (j^-a-all j-a tilSil 

^^C-llall jl^aJI (Jj»a*\ Cj|j&Lmi<»£ (_J-a*J (jl I * V.l U", J j ^JJg 7- a 

.APCS ^1 <j^ajlxll Ll!iLaJI ^Jajoil jj 4_»iajE.j L bluiall 4jaJl»-a AjlaC- jjjotajj 

2 ^U'.Nfl ^ .Ipxll ^ a IklmJ jl a il ■ JL-ii-aVI jl£-aLs iL^ljjl ■ ■ life 

j-a 4_ic-LLa]l ' ' 'I jjj _ajjlill ^ui3 AjflJJ j^-aj 1 ■ bj ■ a all jc. ' LlSll ^ Clllj-llS 

^Jc .aJc. dlljjl*-aj 1 \\if\ * aJaj) ^ Ig-al 'iV'u nlj ^Liill j»J t'i^l_Ja-aJl (Jl . axVI 
^JJ ' * 'J^ t'ajjlia ^1 U LlSjLuoJ UjjjS (_pLi. (j« 1 g 1 11 j j£-aJ t (JULall (J^Aj-u 
jl ia_&J^)-all 1 ■ bj ■ a all I LjiSl j_£_jlaJI i— iIauuVI ^LiS 4_iiaj jl ^_a_a]l ^1 Wwl U>Ajlj 
<-aliajjail j ^aJ^jlj 21 ■ <a*all ; — a SI j»JJJj (j^-aJ tf.ljjj .la, 4 _ s Jc-j .LiLiJI J _aa. j-all 
jlijl iELISA) j^jjVU SJLaJI AtllaSI ajjlr-a ,J J AauoijVl Jc - J 

..Ha-sll 3 1 aJ 1 a jc ■ L3&11 cSj^' (2.10.25 ajsal! 

Monoclonal antibodies 3 .kuu3 l Sjj^j SjLJx^I ^lu^Sf! 7.25 

A Iluull aiia. j a ll i a^ttll ^Luta.VI jj^j (_gjSI 4_i_jliJI Ja jl— v II jjj^uj t Li *l ;lVi 
j»Lia]lj t^L> j]l j.la-a aj^La cd]laJ ^gjll tAjjLJI Lj^LiJI Aaj (jj^la (j£ 

(j^i j_ai.La L_LuLla Jai (_^Auta SI (_5_jliJI g-aJI (JiLk j-a I * \.'^"'.' 

^laULaSI dj^UiSU Lit ^^kii lMJ^j .(9.25 Jlill jfcsl) Aau-jVl <cj> 

JU^a ^ ^aJVI Ljjl AjjSill ai& iluM Ja3 (4qVi-s<iSI CjLul£ll (ja pl jjl 
t-jljj^al j<a aLjouSI aAia.j a il i '—-W ^Lui^VI ^^jj (c^ <J^^-i> (JSjuoj tdlljjl^ll ^Ijjl 
^| jj\ -I laluil j-a ^CjlU t jjljjaJI J (jljjaJI j-a IgG SI J IgM SI 

. jLuuVlj jlLu-alg-SI j ^Lic-Vl^ csj^ 
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if 



SjLiJI j.Ua.Vl : 10.25 JiAfl 
4,j n ilfc C£*i DNA 

sJA i_alUj j nil 'r*i*» <Iib SjL<-u 

j"*-aJ (Jj*J 4 hi Sj^ai 4 

JjiL« jUu j»i »*> (j^ o jj la fl (jiall«JI 
(JjJatLaJ! ((jijji) (ji jlS ci'jJ^ (!>"■ 
.(j^uil) (^j^ufl jU<-b*JI j>ni*>U AjjliiJl 
Ji uli in "%aJ ^u-u 4j2Lil S jiakj 

J-ISM Jja»j AjUaU ji^l DNA _!l 
i> j^kUSI jLiJI ^aJI ^ (CDR) 
jLimll DNA_!I JuAuu j-« (ji jUS 
jUmJI j^-aJI yi (FR) J%lt Aikl>l 



5 il i axil ^S m*\VI "rtijj J 4 ;j» i all 



,J (j^ .lit J^JJ 

ji-kJI -rLaAiVI J->l t>- •* " ^ ' " i_3J-^--' 

Ajjiull lllVlLeJIj ' , jJ 1.1}*?. _c-o 

jl (j^s *e.j$Li Aja^lioJI ^le Je 4iSl*JI 

(Milsten) jjl4^ j (Kohler) jIa j£ 
Jya^il Sandia fl-i^L LAS 

V] tajfifail ^jjUj (_^jl*kll *rLa.ljVI 

Lujaj LloJI& ^jjjsII 11a (Jl-iiiuil *A_j\ 
J (PEG) oAiiV 1 J_&£*iJlj 

Ajjla jljjall j jlijaJI (j-a ■* na ft 

Jc J>> raa SI Lia.ijAj -LJlxiSI 
L£UJI c£Lu-j t> t-iV^I J) S^c. 

ylaJa jpi (illi j oJ^alall ■* lla g St 4_Laj_cjl 

0 JJj£ *"-jJ** i ^-i -l_*Aj djLuJ ^aJ jS j 

oAja.j AjjjoU a^Ljax ^Lata.1 ^l-^jl ^S 

ji-sJl -rU^jVI - 1 (£k±. 
Cja_eJI (jl il .(_5_eiiJI (Jj_cAj]l jl (g luiaJI 

(j* J-A-^-) J-?-^' 1 ^ '"''V JjAiaII ^ 7" SI j 
aluia.1 (jxi I^SjUj La jrtjjy (_J jlkall lilSj 

si* .AiluliSI 0Al*a.J 4jj^>^ jl **-JjlS -| ~ ^ ■ -** " 

CjjlS JJI <LluuS! SAja. j <Jjjijll 
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jl "Aiuiil" (JaJ 4(Jjjj£ t jl 4jjI*JIj ( _yajxl\ Ajjaj A SajoiljJ AjjAJI a J i <a all 
< _ 5 A j i_ljjoiLa]l DNA II ^H^j J laliuil J a ■ taaSI (_pajljsJI aLaia.1 "cjj 1 ^ ■** elcj" 

Antibody engineering jLii^t ^uiaJl A-uiilA 8.25 

0 jCm^I jLjaxdl a i aa 51 llAjlj (jjUalJ 4-lj!j_jll 4 i - SI jVI (j£-a-a]l (j« 

Jjjall (jxs AjjJaJI Ailaj]! ?.Lalc. jj^)aj (-luluj t(J££ 1 » jj it"i]| j AjjlilaSI j 
■ - ll lla 1 t_ie!)lj]l (Jaa. .AcliaSI jl^a-S W^J^ 4_Ljj! <UJajjLall 

4-liJI _jA (5.25 (J^xiSI ^ajl) ^ I ^ 1 al JJ Ij^ilj-a laljjal 4£.llaSI Cjljj]_jJjiiJ! 
4-ljj£il ClllcUaall (jxs J"^ " (j-a Ail^-all ' it i <a alt - 1 aa St ClAjJ^aJ 4_}a.j_jxuSI 
jc ^iuU lg-J ^iil j <Lia.j_jAi 4_nj CjI j ' " it Jja J a^)Luiail j 4jj afllail 

1 g ^T-"' 4-Jj^iLaSI a ^ ■ «a ail at i d-svU -v . V.I j dlljj-a Sac liSllA J i aajj a jj^u£Lj 

.LpjlSj AlLLaSI liSjj (j-a J i a3l 

t _ g j]| ' " 'I lla SI (J^) 4 - u!^ '^-aJ^Lall JjjuiIiSI Cjt-iaJjl al lazuli (_£)La. (j^ 

(jjjjiajil (_Jj15 _»& 4jtla-all dll jjlaSt (j« ^jj ^l (jxs £Jj^a<a AjJax ajuia. (_^V w )? Jl ^ 
dlLjlat ^gJc ~j. qjLo (JjSJjjiaSI ^ i*<1«MWitl jj£j (jl ^Jl 4a.la. V Ij£Aj it_ii£j 
. (jLouVlj jlj^aJlj jljjill (j« a il ■ iaxSI aLuiaVI <— aljj^al (jjliiLil 

4jc jjJI till j <IluuSI S.lia.j »^^« at i li-nI (JjliiLil jl£-aVt-J (jj^J t-a Lille 

AjJaLaJI I . ijaluLaSt ' aSl la j] iS^p (jl (j^-aAll (j-a l^jl VI '^^J^ ■ ail 

(j-a ^jjolIaII ^^c^aSI ' aL ~W jl ^..lUJ^)!! ' all ail jl tdlljjl^il ^jj dluijS 
— (jjlallail) ojjjtlall (^laLla]! (j-a (_^V (j^-aJ 4(j;lJ jaj ^^Sc- J .4£-lla]l '*»! nSjjjic. 
1 g , ^.'1 , ^.-^ \ oLallall AjjIjSI (jiaLlail (j« (_jl ^-a g-aAla (J£joU 1 g '«*- (jl (V 

O^A "A J , U ^U^VI ^auUj .1—1 jjoiLail DNA SI al iklujl 3 lilSj j t5jjC-J-ail 

(jLLlaSI g-aJ (j£aJ tlj^A .(10.25 JluiSI jiajl) AjJJ-aJaJI ajljaojl ali.na.Vlj 
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jjUli^tlj (_pajl jail (_g.il ajLua.1 aJ a i iaLlubal AjC-jill a^Lja all aLuia.*./! (j«a ajjliu-all 
i^jLuij'VI (_g.ll ( ( _ 5 C^)3j ^..lUJJ ' all a ji) AelLall (jjljjjlil jLjoJ 
^!>lxJ LT 3 "^ - 1 SI (Ja.lj 4-a^-a i 111 J lalLail 4j.ll ^LjjJI gjj all (jj^J tilljjj 
(JaJ j-a FC (jjlslia t^j Sja^ 3 ] ^Ijala <J-i.j) 1 i ajl jLaJI (j-a 4j| La£ .jLuJ^I 
JaIui ___1o t4_a.jjLall tl i a«a3l - 1 ita II ■ " ll LfiaS) AjjjiLa li "-"'j 1 g i . —-^ <Jjj*J 
. ClLa<aLall (Jj*ij jl FC ' " ' " a (_>a*jj -^.jl' bjj3 <UI jl (Jaj ,j-o 4 JUlall 

Ulc. <j| Vj ^ (gjll ^j-aJI a i aa II (Ja.|j AjaiUll CjIauJsuII gj dlja j 

* (_pajljsll (ja ej_aa.Lall ajLwa all al ma. if I j La 
tlg^al 'A'i.i-I «.JJ ja (Jila. a Ac lillj j t jLja all - ■ aa SI AiJa ^wajj-oll AjC-llall 

"<ijujj|" J aLiall (j£-aJ tailt! i_L^aj La£ j . Cll3 _jll laA JXJ AjsLjal 4aJL«_a __gl £iaJ La-o 

j»Luia.l (Jj£ uS (_pla. jx ^ja. U^*j O^j' J*^ ■^ c ' ^ Lljuall a.l}a. j o jLja all aLuia.YI 
AjjUill JijaLLall £-a (_>ajl jail (_g.ll a jjiu-all (jjJaliall £^oJ aJJ '"'J - * ; Ajjxaja a iLwaa 
ajl jaJI JJC (j^ajlajj jjLuijVI -iJC i .Jjaluball dlljll JLa.jl JtilLj tjLujYI (_g.ll 

sl i <a all - i "-^ 13 4_iuiLuil ( " lli i ,-i ale ^oLuJI ^'vUJI i ■ ll laJJ . CjSjJ! __>uij AjtialuLall 
__gj li — 11 j Jaj^ll AjjC-^all Ajc- jjll liillaJ jl ■ . laj . ^ 1 7. 11 4^1 'A'i.nl aJJ 

jl JJJslI ^ '•**"' — SI jl i4j«a_jjll A-lla SI t^l'' ■^ £ - JJ*-all v ialim^H£ cO^LjiII 

J ■ '■- all - ■ oa SI j-o ' ■ iUslL Ajli I li aluLall lillA: XiCj iC Jj"'^.'^ ajoill LaJj 

^^clxxuV! JJJ' a2ll ^ il ■ <a all - 1 na 11 al laluil jfLaJ tAAlSa 11 .La tllljaj 

c-laiilj aja SI J ■ '— all ^ — a 11 ^-LiiJ ^JJJ .aj-ull jl (_yjjjjall (JjJaatjl 4 "I iaJLml (j^-aj 

plSjlmVI (jLoijVI Acliall (jjljjlc. ^ ALac-!iLa Jj£VI t _ s Cjillj (^^jjlIJ^)!! I '«'■ oil 

J 1 a all - ■ aa SI "AjI JC." ja (Jlsj cdlS jll Ail La£ iAjjC. L_ijUaj AiLiaj jl 

.(10.25 J^ill j^l) u^o-S! Jl a^IL 

oAja.j a Si 1 iaall aLuia.VI "AjI^C." jl plialuil jj-o ' jJl AjiLial a jk£ j 

,_J£jij "\ « U< ,** o^lc.1" jl "Ljjiuijl" I 1 taj (jl£-aVLl 4(_pajljall A 3J uj all aIluuII 
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(jx I CjVLaiiSI CS^" L^J^^ ^JJ^ * ^ ' " ^-">^l (-J^ L>° <_W^ 

x^a 4_a_a.i»a i i i <aJ i a all J -SaJ^)]l ^ _g j>>.'i.<ijl ijjJajljaSI .lie. tajjUtLal! (jjlallaJI 

.(10.25 J^>*\l jiail) (jLudVI ojjiiall (jialiaJI J<J^I (jLlia 

1 g 1c. jjit'iSIj aLsJI jfLa^l j^a ( J i la^ttJI - i -7- SI ' " J ija j t_ic.^lj]l .IxJ 
< 31 ■ a^all - ■ "-^ SI dll Ija ^j;''"' j^i jl °^"'"*' jjjt"i\I 4_olkjl j^j 

I^A ClsljJ^a. (j*- JJ.' T "'^ iAj&Lij 4_ixjj L£)Li. <_J^-I^ ^-oJ^-a (J^l _jj (e^ <TuilaJI 
jya Aij^laJ l^llc. (Jjjj^J^LiJI <fc j^aa a AiLialj 1 1 ^"'-^ Ilxx ClbaJ ^gjll a 1 113 SI 

(j£-a-a]l (jxs .AjjLJ! L£iaJlj 4_l«jjSI L£>LaJI <Uajjil _jj ^IIaII AclLaS! jjjj_alc. dlLajoi 
iajl* L£/Li>£ l5^>^' ^y-^ Lj^Li. ^ » M . ^Laia.VI j)E. I ■ iaJI 

jjxs ^^c. l^ic. j^ T jill Liajl iSj*- .(CHO) /g ' > ^iti j"i malg SI 

iAjjlliSI Lj^-i-SI cJi-a '4j]jI ol jj <— l|j AJJ^ 4-aioj! oljiSI ^jSjSa c£^>a.VI 

JjlxJJ A m o (_J£L2us si* jjitlll A alajl > j'-— « J ^ <a.ljJ ' j£S j .Ujii^jllj ajj aall j 
J-Uaull ^i-aJ La tdlJ^)j£]l ^Lii -^^J l3,'^ J L^jj^J^-*^ ^ J " 
lilSj aJ . l.lia*J jcjiail JsLUa-aJI - ■ SI 4_iajj 4 j\^r. J*-a-i jl tALil£ tllljjja. jc 

J£ 'i^AxlLa Jjj^Loj j 4li.iiii.il j£i o-).lxla ClllcUa^ AjajjiaSI ejbja ail aLaia.VI 

LaJi I 1 bjl j l^jlcUaS ^jjj CjjjAJI AjjUj iajl jj (Jxu!>LjJI o^A (_J^J (jl 1 - Ua 4p.(_5_^ 
^jlc 'ejJlli jl ■ iaall a ■ "-^ SI (jC jin'iH nail bvLiJI jj^J (jl ' ; 13>J lilS^S .1 g iji 

' ■ ' " <— SjUaj aJaa a ■ ■ lllaJJ tiilSj ^Jj 5iLja| 1 tall (J£joJIj «.(_^ j^JI ^ "1 

^ja ■ a jaj t^^C- ^ jj^^ (Jj jj^^*S' ^Ljjl 'I§G ' all a j)-a il 1 <a all - ■ na SS 
(jx ■ ^ I SAJu (jC- 

t_g jImioSI ^jlt (_5jUaSI 2"l3jyi alax-a iUSU. .Fab J Fc ejljaoSI aLjia.VI 

^ijj (A^ia^lxil dllajjialil 1 . ^.j. —i. iAjJaxS] - 1 "7- SI (jx Cllljjjail aa 1 iaSI 

.(CHO) ^ij—ll J^U1\ 
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DNA JaU 
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Jt^ 



/ 



Fv 



DNAJI Jjff 



I 




41 ^-1 l_a-^ i^Kii 



L? ic. jLusaSI a 1 11a ti i_iAu <_>ij*JI AjjLa dil^j : 11.25 JS^iil 

3 jjxlall Jlallail ^1 jiuu ^ ill 4jjI*JI Jib LjlaD DNA _JI J^JLa. (> ^iiUJI ^ jjM jkui 
(j^i • VnV i j IgJaliijl (J^LluI AjjUJI flaijl t^jJUJLj . jLua^il - 1 »a II 

iajj jj <jjJI jL2iaII V-Jpali« ^1 jiuu (5 ill DNA II Jjfr 

.<Ull ^ifrlj ^ajjjj l _ r lSI AjjUJI f liulj uLa^VI j-" J^l ^« ajj-^l jIj^j 6^ ' 

AjSbdL <ji jadl ^uSjj ^ta.ittl cjULJI 9.25 
Combinatorial and phage display libraries 

.(11.25 JSjill jJajl) JSI y AtliaSI CjljJjJjlc. ojjilall (jLUaIS 

ojjjLLall 4£.L1a]I ( jJ_jJ_jlc. Jjlalixs (jC jjjajll iAjjlstS! a^uia 

t5^1l DNA SI lU^J S-lpaJI <T.1.^3.aSI lllLui jJjaSI £J-ai. (jj^loiS tJaSS 4jjUJI 

1054 



.AjjI*]] ^iajoi Ls lc AjJa jjxaSI J i a all ^jmaJI j«a Fab J Fv <— sjji f_yiSj ^gl] jkAl 
Fc <— aiil ji.S (jjll 4jjI*JI JL i . Laj 4_j| ^^J^JI j-a c^UaiSI I^A ci- 4 *^ 

j!SI Uiu Jjl Sjj ijJji-VI jc LJ jllxaJI A^alui-alLj Fab J 

jlajl) L al^alS (__.Sc. IjLaJC-l AjjUJI f.laljl (_£}La. jxs (jjSJ li* j'°^"'-'J 

CjLuijjjall ^gilij 4*.taijVI 4j\<ir. j-a ClsVja. ojc. iSXL i— uaj t( 11.25 JSjiJI 
j* i-^wtt Jjc. oJilc-J jLa-aJI j* «AjljjJI (J .UjjISj cSj^J cs^^ 

.AijUJI JaU (j-a su-m ojj^aj Fab J Fc i-i-ii 

- 1 aa SI jj jl iojjlc (J^ - ■ "7- " (-S ^ 1 <a all - ■ aa SI 1 111 jl aajml j] 

CllS jSI £_a Iaoju ^gilij t4jL-aVI Jl ^jWlSI ( _ g JJ AjlaluiVI ^fl ^ill jLia-aSI 

^ jfljS i AjlAjlSIj ___}^ jjlSI 4_u3j Lai . ~ 1 ■'-^ SI j-a > . Wi , 1. 4JI jl /\ i 

tljjjaj ^ixus jljja. ^1 j-a fl\l jl 1 a all - ■ "7 SI (<_J*3 jl f"' L "I ^La.jjjuil 

(J^j^j 4ijaiJ|j a USMI AlmLmil jxs ojjiiaJI (JjlaliAiS jiuoJ <Slai<i ■ " ll ija (J£jui (_glc. 
a laJL-jJ AjjIxJI tl 1 jaall - 1 "7 SI I - )1 11a Jj 1 nV' CjLiaJjl j!Lul - Saa a jl . J jila 

1 g '«*■ jin'ill 1 SJSa SI j AiiSill AluiluiSI CIl^LjIuU "dll i&a" S LuljJic. ^-I./lu 

oja.1 A aj 1 4 SjiLui Ac-IIaS! (jJjjjlc. AIlAuiJ o^a.lj Aii£-a ^jjj ^gjljjic. (j^)3J 
yXJI .j|jij| j^Jc. AjjIc- AiiaiJI AcliaJI (jJjjjlc. AIluIlii] 

(j-a A£-Ua]| (jJjJ^aliJ AiliaJlj AiiaiSI Jjj^Luill oj^j (Jj...iijj ^_ya Aj^LaAiV 

(iSlj j iAjjLj Ll^li. ^gJc- (_JjlaJ <clia ^iLa ^7 mjl (j^i J j ja-aSI JjjjojII RNA SI 

(jl ' . lau Ail jjc. .PCR (_gli.iili.iu3l jl JJ-aJ jjSI (Jelij Ajjij J laluiU ajlft 

ojjjiia3lj ClLauS <Sjj*3I a*j safliLouill g-aaSI i"i1j\<ir. j-a <ajUSI ■ "'1 ijS all (jLa 
Sjji-VI 4 kSiSI ojiA 2w mUII 4jjIJI Ll)UJI _J SJ ja. _a-aJI ^L-aaSI CjLlla*3 <Sla-a 

o*jj t^ljjixJI ^ n> SI L_liijjll ojlcj j-a aa»-a ^Uaj jjc- Ujliiil ^g^JI ^ 
lie _jj lij*j j a ■ adJ (__;aSI t«.lalj^l liA ' t »■« jl JU 1 -j (^gjLajj *.lajjl Ia^Ij 
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dll L aluixll £-a 4j«JaLala]l Cilclilll £jxs j "Ajjj»J!" (— ll L adjoint AJa ^^cLLal! 
<9^LaJ1 j 4L&i]| JjjMuiI] il)L>La.ijVI oA4> Jla elsl)l j jJ j£aJ '^tiSlj .Aiilill 
La£ 2j.j,U\l Ajcllall 2 «U',„yi i l^jit ^laliVI *Ii ,JSll S_ia.La.liyi C_ilii£La.l 
<_£}la. j_a AjC-U-all AjlaluiVI -U-9-- (_paj*J! Ajjaj -I laJ ■ "I Luajl jl£-aVL 4jl 

J-oL£j AjJl^j lI^LuiLoU illli <*li a^all ' " it ija SI j^a 4_jj| jjuic. AjcUlu^al d jSS a .li] jj 
I - it ua SI (Jj-uiJJ (jjj^a U 6 " ^- a ^ ul J^C. Lj-il ^g-istJ La $2.25 ojaill ^>iajl) AjjIjjoiC. 
( je (daJI) AL^i-S ^La-iJ ■ - it iia SI Jla al.laiuil Al] .^AjjIJI Lj^LaJI (j^i 

a alia alt M i axil - 1 na SI tlAjr. _jj j^a JJe. 
a i "-^ SI Ailla j (jt _jA AjjIxJLj (_pa^xll ■ " it iSS a ^-3 ^-uiLuiV 1 (jjjLill (jj 
jj£j V jjill < li alaixlLj JaJjll (_A UjLua.1 <jr^ jLjaJI 

j^s ' " it Lla SI (Jjc- J^)a-aJ 4jl (j« aC-jlbj .^Ig-ill (JLaaUjaiV I ^ 4 aJa all Aillajll 
V 4_j| VI i t _ s £-tj-a jjl_aJ_alc. ^V AjjUill (jjlallall £a alajaiiLl I g iC jl j£-a-a]l 

a AjJa ait aLuiaVI lilSj I ijujal ' . ualijixll 4iilaj ^ic Aolxj CjIjjLlxi -i lalml j£-aj 
(J$-uill (j^i tiillj AiLiaJ .4jjjliaJI AjCjill lillLaJ ^gjll AjjIxJI JjS <jxi AaalaJI 

V' n i i aJ i a dlt j' aaJLubaj -^J^ ^wLJ ^^Sc 4_jjL*]I i " it y& a AL^)C. 1 Mmi 
^jj-aJ _aill iaJ^I (_>uIjjjI (_gJc. IgiLjC. 1.1a. t— iau all jj-a t(_JjlLaJI ^ Aj^l talai« 
_aA i— ijjlUrttl i ■ aJ i u alt jj^J (jl j^-aj I - Ua (<j_alaJI la i all dlt li aluLall£ iSLx n 

.^jj-all ^ J n > ^- i jj^-a 

Sjj^j jL^II ^L-^VI j AjjJiUJI SjLJx4]| fluia&l cjU^luit 10.25 

In vitro uses of recombinant and monoclonal antibodies 
Affinity purification 4i&L Uiill 1.10.25 

Clllllja. Ajiij Ijljjl a it i <aa]| aLuia.^)LS AjjuiLuiVI CllLalialuiVI - ■ aJ 

SjlaaJ jj^J La LJlc ^gjll tAilVI ^gic A^usu iaJj dlUlja.] AlijJ LpLa. j-a (_5ja.l 
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al i i'-O 4 Aj^aLa ajjj«^aJj < a i a a al i n-st ^jl 3J yj| SjJli 1 _g-^ c - -lalixj j ,a.la.lj 

j^s . jlia-all L aiL nxll 'ejj^aj °-^D^ "S^ 4AjjjuiLa jl AlLuiiH 'e.lia.j eJjJaa 

iAilVI ^^Ic Aaixj -gjjl L aluiall Ajfljj A-jLafc ,j A*^b a^Ljaa (jL^axI ^Lijj 
(illi ■ . If. "j .Aj l-lia. t5 ^j-a ^ i aJ i a a -^_J^J L5JJJ J ^ a ^^ (j -0 UJ-^! o^lc- Ajji 

4a^L a-all aLuia.VI ' c ^gJc. Ajjla-a jj^J I—Sjjj Jl i aaVI dlt.jL.ax (jl 

.La 4_L^>iaJ AilVL a it i axil ■ p-s^l Ajisj l_±aJ tillijj 4ALjuu1I aJ^tLa jjSi i " Lj-jl 
j>x Aj_jLa ^ljI j-aJ (_Uutll j£-a-all jx 4a.AjJaall aLaia.VI (jliliail A-lLaC. Jila. 4 j£l 
L almxll Ajijj AjLoxl LtaLj ' ° ujl S ^Ic l&^xJ J J' it jl^aJjoil x-a dl) 11 ■ aim all 
S 31 ■ a a aLuia.1 ^ ■ ■ . -v i "> J_l jla 1> aluiaj jl jj^JI ^j' 1 ""' lie AiV lilljj .AilVL 
j-a ajLja-all J ■ aaVt jj£j i " lillijj 4Aj3 j-^ all "> a\"i. A\ i "il V W<, „ A^aa. Aj-a 
Ll^LaJI JjoiJJ LaAic. Lai a 3l i a all »Luia,VI (j-a <_LjI£ ^ij-a ^^Ic- Ajjia-a jl j;iaJI 
ajLUa all aLuia.VI ai& ^J<f> jli tAcjj^i ^ aA^aiall 4 ila * ll AjLaj_aSI AjjLII 
. >i all a i aa SI jjSJ ^pll JjLuiillj tLjlt^ai aJJ ( L aluiall AjlsdjVI) AiC. jjll Ailia-all 
_jaj ^^Ic- .Ljj-a SjjjS dlL-aS ^llijlj l&jlaijl j£-a-all j)-a jlia-all L aluiall ^^C-^l 
till j AjAj j j ajLja^a aLui^l ^tij) Ajj^Lall a J i <aall aLui^JV! ^-^J (AjLoui 

dlLpSj Aj iajjll AjjliSjl j a It «3lLji al ^ i a^all - i "-^ SI Aill jL&lluil j^-aJ 

La^a L alIuiaSI £a J i <aall - 1 ita SI ^ j-a ^ Ajjiill ai& ^ . < _^C'LLaJI ' .'j' "j"'^ 
t AjJa alt - 1 "7- SI jl Clll .^t flll B^A (JjjLuoI jl .AjC-lia ClllVgr n (_5^jJ 

JSVI fJiC iaijjj jl Lljiaj AjC-LkLuoLl lillijj tJaJj 1*3 _^a JSVI (jlfr Ajjl iLutlfL 
*J j-a j^i j!i£l Aj^I iajj^J t X'u.'flSI jl£ I il Lai A LI Lu alt Clll i ■ almall j<a jjjjL 
^ S uij jl il i '— all - 1 "7- SI j li alutall jl£^aLl jj^-J AjAic t^ajlja. jl^ aJaLuk iaJJ 
(_J£jjoJJ 4 j\ja.VI (J «a« J .^Aj&lj-a Cllt jSa fl) ■ •"' V 'i"i<-|\l j^ (j^ c 't CllLa.jJ jl (JjoiLj 
oiij J^a3 j£-aJ . lilli Axj i_Lojj2il ^ K '1 a JJC g J i aJ ■ lua J a Ajclla Clll V^t a 

Ajlall (J^Lk j-a J jla all ja.VI '"'I L aluLall jc. IaixJ Ajcliall ClLtuijjll 
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. 4J jLjaxdl ^ i n-> II j jua ail L alui all 

al lalml (_J.ll (Jasu V a jVa"\l jj jl ij^liull JSxaII ^ J i axil - i na SI j 3 i aJ i a all 

floLvYI o^A i j-a gjljya i aiil in i J^util J-i^sj 1 aiu A\u n ill o-lpi.j a ^1 -1 '"^-t 

' ■ '-''"j"'^ dlSlfrliSl (J- 41 - (J** 3 ^ (jV ' ' "J^ J a Limill aJitla a >l i a a (JL^axI jl 
li aluLall j il i <a all | — a II jj^J (jl I ■ '-^j ' lua (jj* ^-i jj^JJ (J-?- 0 (c^ ^^cLLall 
a - ua II jx (Jl a al I lift Cflljial JlJ jjfL tSllijj . J^Uj 



o o 



o 




o 



o 




I jKmijI I j» ajaj (ji \Mi unit j ajLa a fl »Uua^[! AcUaXuib .AjC-LUI ijUlujoS JjSiVi : 12.25 <J£uJt 

■ 4 Kin a jJ u a AjcLLa Jiuu *!u U! j iAj m ll a Itlal miIIj Jl,»^u1l »luia.Vl ijIjjS jj 

a JJT i <~\ Aj&LIa CjIiVIt o Jaa2 JSJajj (jl [Jxda all j-a i'o-lj j (_^i 1> taluixll jl J ■ iaall 
- 1 aa 11 £-tjj (— Ua ^jtliall jLuSiVI ^jjSJ ClL^lclij ^ 1^1*31 I^A Jiluil .Sal <laA« 
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UaljcjiUjji : 13.25 JiAfl 

. 4_£ jiJl jjLa JL<X* j' ua a lib 

f t ^ tt ft i^J^JJ ^ i \ At"- ^J^Jj f^l^^J-UU ^jiftJ 

. JjaC Lalli ^jjc AS jaJI Jjift 
jl 4j3 j^iaj i joiaJI jyxwajoil jit 
kial null <Uljb a jib jUuJI ^ryia tt 
iiiUjjj .Jjjj*?! IuoImmUI Ci* u^w^i 
Jibv ljLuuj j_5 J]) JjLuJI cJJ% ij' 'r 1 ?^ 
<2)j£j unit iy» buiaU Jj^sdt 

a» iAM bsjjj (4j bcjj jbilaJI n i ii^ It 

jjilmt j»j <Lt.ij3l ^ ^jjJ cs^l 

i_a yai . ASaiUt SjlaaJI <ji UjJU 

J?) J^'hiI OJLC aJj ■ \iO*nl^tb bjC 

iajjju at IaIj alj JajjjAlt lualw) alt 
.pH ^jjAtfJI aljJI 



~j 1 ~~"* .' sb^j jLaajVbi li <alui»allj il i axil 



dlLbuj jlll Ljlaa o-lALia (jl£-aVbl > " I ;-s 
JfLlill ^>^j^ «3lLui all J JsLJa-all Q±l 

.(12.25 

JJ-i&l 4_ii£il| oj& ' "JJ^" 1 (j^-aJ 
^^ia. j ^t-il j*al\ SI i axil - ■ aa II jl L a±uball 

■ jllj ; -. n'q'il I ■ <aJl 

<Lajli '^J^J ^ jSl j"'' t^2b\A 

aCO i—llli ^glc- J i a nil - i SI 4£ja. t _ ff ic 

'Sepharose jjj — i^JI CjI 4 i_iL^> 

^jj ' - Ua 4^£jLiall aj£j| Jc-lioll J Ikluil j 

J jla all JJ-aJ j>J J_j-aC ^-3 ' "'^ ..■'.^ M 
^>lajl) LfrE^bk (j^i 11 1 a2 1 a all t _ ? ]c jJaj t^ill 
j i aoll a ■ II ajSj ij^jc. .(13.25 JS.uJI 
Ajlat 4 lajml jj ^Ljj^ll ^bl (j^ L jjj — SI <UI jlj 
jjl tj^-aJ AAaxSI .AilVI Liil jc- jjba jjS 

All jV Jbball (J^f" sjJjjbus a laHuS 

- ■ aa SI J_ja.^j i ^>a.l jjjj^j ^j-a ^j-JIS L_ul jJiill 
1 _ s Jt a niSS Ajc. _ajll a^bJa all Jl . ^.^Sfl j| \\ . a all 

j a 11 J Ja _JJ J^ill 1 1 <3J i " all I jl bal .J J^xil 

^jjjjJall (j^S ' I JjUa^a L_llLall ( _ ? lc. J i a all 
Jj^xll lilliA j tiaJjll Aill JiaxJ Ja jjj^ jlaJ 
I jli 4 alja a Ja jjji dlaJ 'bajiLall jjJall (jx 
J i a "II a i oa II (jjj JjLilall Jclidll Sill 
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.(JjAj .lajl^J ^ijla jc (j^L^a-a JlV t JjjSaj j^y "** i '— °~- ' a li ^'"^j 

£cjji*s ijjjla J Vi, *<...) ^jjjjJall (j-a Ajli '^^Scl Ail) Cllli SJjlila lIl^IcUj .Ajc. LaJJJ 

L« UU. j .pH (s? jja> jj-^l f»a jll AijkLo aja j Chaotropic lUIjc-j ajj ja. 

^ ■ a all a i 13 .laYI 4jjLu1I j 1* aJ — SI Jsl^jluJ 'a1 j)g »,i joj <j jj-uoj ia.VI '■.'•>) 

.(V\*a j LajLi bjISjI lj jiiaJI ^ jl£ lil) l •--......U J (<t J v^*,„l jUIui jl£ til) 

Aijj^aj diVLa. jlia.yi 1 ; uc.1 ^jC-lj-a]! l_uj ajSil a ikluu 

5 ja g SI al-l& IA-Ixj (Jt.uuI ^-ijiftj La jjuj-a li aAuball £4 j-a L)J& ' "'..'^ 

J_o-aC. ^Ic Ajjiu AjlaC- jl tLjclla 1> alui aSI ' . 'J'"jT' 4 ^-■n.'.'U .^Ij^^II 
(j-a OJJC. (j£ ^-ijkU a_axu_&ASI j_j£-a]l J ■ aSJ 1 II i a all - ■ "-^ SI Aill aJfrVlj 
' L^g j La£ j . it ■ a-aSI - ■ aa SI £-a <lc-lij 4 U . nl jj 4j2^ua ' J CllUj^ a\\ 
i_ul jjill <SI jV ^ ■ a-aSI - ' "f SI ^jaC- AilVLl Ajiiill AjlaC. - iklLiij (jl j£-aJ 

JjLaJ .£tjj-a]l C-^" 3, ^° ^ ' ' " " 4-$^ (J^t j"° 'Jj-^ jt '^J-a ajjJl£ t^tjj^all (j-a 
(j-a jj£I l§J.lJ il i a alt - 1 St j_j£j La-lie (_Uia3l (JS^aJ (_UutS] oAA AiWI o-l^el 
li aim aStj it ■ a aSI - i -7- St jjj Jjlxlill jjoiIiaII ' . "j"'^ Jj^H t ""'J.' ' v " *jl 

^la.jluul 1 . jj^ 4j| j| tJjJa. (j-a 4 J lazuli j J)j-a*JI JJji ^lnjm jl£ lilj 

lii ifj^ (gS .l^a. OJJJ^J t"UiijS Ail^l jj^J jl j=^-*SI j-a illie tLajLu .UaliaLaSI 
I — a SI jli tajJIS t^ij-aJI L <3LluLaSI Ljlaj ^j-*? *^'JlJ *^ *jl (j-« j^ 

a , V-o-^ \ A\ 1 dluoS AiSI I j j L alm-aSI j-a j j£j jl ■ ■ LaJ Jl j^utJI ^_lc it 1 a-ttSI 

.ojjoilj-a JJC. (jjjl^jla at laluiV ol^lcl oj£jl-a3l (jjjt^Iall ' (j£-a-a]l jjxi 

A j^JJ^ ' ^ ' ajoiaJI sLali Aill Cllli tllLyja. jljJSl L&J^ 3 UJ^J 
ajoiaJI ^^Sc- (_^jlaj (_jiSI ^jj^ill JJJ-aJ liilj JlxJ aJJ ■ - Ua AilVI ■ ; ullj iG jl 
il ■ «a aSI a 1 11a SI iaJJ l^-^J^ '— ' . i_Jlall lift ^>JC li alubaStj it 1 ia-aSI 
(JjJl*J j)^-aJ tA£La-a AlljlaJj . jjaiLixi jjc. (J^joU li bllui-aSI at 1 ^- a il Jj^aJU 
Sjjij-a Cllljja. jJk j) AjjLul£ (Haptens) CjLuIu^j Lul-i<u£ ajLjaJt aluia.VI 
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J" 

cijjaj t(Biotin) jij jjjK (^i^I ^ ^,iVn.n\j 

jj^jatijjjluJI j (Avidin) jj.iiaVl£ <jij jjJI oUj iiili ^llija. jl 
dljlijao ^l^kiuil 1 ■ aj| (j^aj U£ . ^_^o*JI t_ iJlL (jLu jl <j£aj t(Streptavidin) 

^jail ^jlill IgG U <JCjj]l ^xiiJI Aj& a il ■ jaall ^aLui^VI AfrUaJI (jJjJjlc. 



lijfaUl Q Q O 

o n o 
• • # # o o°0 

2tf*ll ^ 



? Jiiuu >^jVI a _akL!l ^ .<jj*i>4il i^lj ELISA 2 j -,a-,i Limj ft :14 25 
jLuxall a i na 11 uiLuaj iAjjllll sjlaiJl .JiuiilL ALjjjaJI jjC ^liijj aiil jl) Ci\ kalui - 11 

JLuSaII j i iia II Jljj »J-«J ilftJJU "«H (jjs (jlj jaI ^Cjillj ajjWU aJ*J j^ll 

jjj^j ^jjj tj^jVI ' i dj c I jj^I ■ JaoaJL (AualuiA^L ^sjjjj >i ^jJI Jjljll a^ui jaJI 

(j^i gjUJI <j^' ij^ Ji*-*^ i$J*l ■ <l&jl\ £y» ops ijjk fjXi ajJJlflj 'U^iJ 

1 tjJaJI (jaLS Jl^A at JaUuAj gjj «It 
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Diagnostics 4 unj^urill (_Lilj£ll 2.10.25 

S^L-a all al i n-^Vl 0 i^aLi. (_J£joUj tfl J ■ a all jl . n-^^U aLgJI al 1 "i ■ uV 1 jl 
a il ■ aall aLjiaVI (J^ 4_ic._&jjLa "■J* 1 - ■'"'^ ClLlnliill ^ _&& t^luinll e.l}a. j 

Jj u.i ^jlc .aJto oil jjl j-aJI ojjiLus a i aj i alt ,li.ja_il - ^*i,„"t jLi L^J ^■■.oj.iu 

■ - 11 JJC. 'i^C ^ .j-la^i (jj-aj_a& jjSljJ \; jajl aLjiaVI oi& al laliuil (j-^-aJ ( (JLLal! 
(JjUSJ (jl ' (jjjl^ia] (j-VaJ t<luitlaSI Sajl^aj all j (jjiJjlLall al lalujil Jj .a.lll j« 

ajjil _jJ ^ i aall - i aa St ajJ j J^Li. j-a i'i-ilc laUajll all dlt li aJ 1 a alt 

a ^ lallm all tLlLoj.ul jll <_tajjjj 1 ■ aJ ■ u all 4_La£ jc ^)JXJ ( ^lill AluaS -JJ-laJ aJJ .' 
a laHi "* ' " Ua J idlLajjS jjjlallj ClLajjjVlj t<*jjiall jjUaill <Lale Sjjj^aJ 

. Ljjc ' '°.*<U ^uiLLall > 'a.'^ll <Laiajt 

jji S.ja.lj EL1SA ajjWLi *LLualaJI SJIaaII Ajftliall ajjlxaJI jl 

jA Lg JL2i\ Ul^xa .ajjll a jSjlall ^ . ^ tSoIl JLa-all <J Yjl-Si j!&VI L-jLuSSlI 
Cllle.lja.l -I >A,"u.,1 j jjLft lillij 1 jl i '— all a i aa 11 J 'ajjjiLlo ajjjVI (jj^ * , ' ".' 

V aluixll j iajjj-all jl i aa!! ajjiaJI 4_La£ AjAsj ^4 i. iLj-n^ll c£jj1 ujUll 

. ajjj^l a U,„lji ^clila ^1 ^jVI L-lS^all (J_&all (_>oLia (JvLa. j-a jjiLlo JJC. (J-LoU 
aJ^VI (j-a 1-la.lj Lljja. jjV iojLi£>Ll I aja i aJ a ■ aJ AjSA { ( _lal£j J _aa-ill li& 
AlLa. .J^a-a CllSj (_£jla. ^jVI i_l£^>-all Cjljjja. (j-a .11.1x11 tl)' ^"""-^ aii i al J 

, a ] , ^ « \\ jjj , ^ (_yiLjS (jli t4jjLa llll a-ila J£joU jl 5j _aLa AjIjI ' " j£j a al la-Uiil 
(jiLajall (jja Ajl La£ .^^-ajjjVI Jc-^ll ^4*^ *— SjJJi ^JJ^a (_)j:LiLa 4_lajjiljJ 
.<ljj-aa. dl3j 'ojjjilj-a JcLlill J^*-a ^^aj (jJiLiall li* (J*^- 

aliaj (jjiLuil ^jlc L5_>?-j (j^l Aiia^ll Cllljjlilill (j^i JjAxll lilLiA 

^all jjlj CaLkill 1^1 J^VI JLill ^ .ELISA—ll 

.^^jLijxj ^-SLliajS -iaLjj jl Aill iajlj ^)JC- jl 4<JC-_4j JJC- ojjj^aJ Lai tL-iL-a 
(jl iLua ; aUaill ^1 ajjiVLj a jjj)_&a!I jl i a all a i ua II (j^i o^jl j A^La£ ' °l ■ aJ Ia^*J 
a ■ aa II j^yi sAjl jll Ajjaall All j) aJJ .a£j^J! IjS all 1 aLuLall j -laJJJJ ^a lj-aj>J 
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4-la£ Laj j-a j iajjjyi 4_la£ j^aj jVI L_i£^all ' at ■ <aJ Ia^jUj JjjaixJLl it ■ taajl 

4xa£ j* tELISA !l allaj j-a JSjiil I^A <J L bluiajl j jUjaall a i aa II L_£j-a 

jj£j jja t4jjl»JI j* jiiSVI JlSJiVI jjj .ajjj^Ll Jjalail i-lS^yail 

ELISA-SI 

^g-lc- .(14.25 <J^"»lt JJ^t-Lail JjP t allaj ^^Jc- .laixJ Igjl jl ( alia all 

tL-lL-a i_illa ^ic 4j£^>a. jl ja^J ajLja-aJI aL>ia.yi .lal t JULaJI Jjiu 

4-La£ -1-laJ iajjjVLj jjjLall ^lillj 1 1 aJ i a all (^ilVLj jlaj) Jatiiijy - ^'"'Jj 
- ■ aa SI jjjiSljj ^li 1 1 aJ i a all j*a ' ilia a ^3 _j-a ^_lc jjLilLi tilljj laSil all L aim ail 
j,a tlllilla 'o-lc L-lia jj 4jli 4 0jJjliAl! jje. ' «*<<fl 2 Lai .ja.VI ^ • a*all 

^-J La (Avidill) jJ-liyi j jJJ JJjll CjtlfL ja jl S-lLjaall ali.aa.VI CjljUiaxi 
Aj i Vil <Laiajyi a a i aJ jl j£-aJ tiilli jc ^-lAjj . aUaill jj£I I aja i aJ 
li aiiuiaSI j-a Ai J^>*-a 4_jo£j iaJ^)ll ^-3 (j^sLull aUaill ^ jfl ^ alt li aim ail 

Cllljjla-all ^ tJ^"jJ t-uiLml AskjA <SJ^)la cff^J ajxuj-aJI 4_uiflj 

1 ■ it jr. ^£ .ll a jjuijaII li aluiall -^J ^ ' aSt AaLIj t^JtilLsj . ^Ajujiall 
J_aa.j Jla. ^ a jjuj-aJI v Wi,„^U iaJj ^-^l J ' jliia.yi 4jdC. l _^a3liAll li ail 
. jLua.yi 4jjc. (jjjaLiall li alaiall jxs 4 aa i a o^jl j Aj-a£ 

<J_alaJI gLjAjait ^ I i taJI ajjjyLl "Lojjoij-aJI aJlLja ail aL»aia.yi c_ila jj 
^Jc SjjiaJI CjlaJalll jl ^J.>.iujl jxi ^jIjJo j* aaj ijla-ail li* ^gia .AjcLLail 
Ajc. jj a it ■ <a a aLuia.1 ^-a ^jl^jjuill jiiaaj IaA*j .<ja.La.jil a all ^jI^jJi 

<lijyi ' "'I jaj ail ' at i aJ aJ .CllLajjjyLl AjjjLaj ^r-luall dlt L i a a I aj 
jLjJaJ aJJ .(JjjaiiiLl it i taail ajaiaJI j-a o^jljll A^aS il Altjl A*J (iiiij ajjj^vLS 
^gJc. i_Luijjjj iljjLa tjaia jjc. I alia Sa«J Ljjj ■ - Ija j 4ji jyi ■ - 'I j£ j ail 
L-luiLla jl^C al lalluil £a (jil joaIIj ^ jj «aj| jff ajt J AjA&Liui j-a jS adjj AaJjJiil 
al^aioil (_5^1 il^Aj .4j jLail Lj!)Laii 1.1a. ^ i ai a iLii aJ ^JJJ La<a Aj jLail CllLujaJl 
jLua.yi a JUJa ail aLuia.iU ijj jluiajl j^^alil JiLa. j-aj L-lmt 'mil jjlail 
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at t^JajJI !/l!la tAjla SI (jxs f.1 jaJ (_^l JjAaJ j^-a-ail (j* Ajli t t_S j^>*-aSI ajoil jSI 
(Jjfl (j-o AjIc c_a^ti]l iS~^" ~* ' ' " L$J^^ ieljill al - .' ■ aJI 

i^^kl 'a^ . .sLja-aSI ( -i i aa \t 
it ■ «a all - i St it i <a a j it 1 <a all - ■ SI j-a B.Hatla Cjlllla ^1 h'lm'j 1 lA-ljfllSI JjAjlj 
1 ■ aJ) j£-axiSI j-a 4aJ_)jVlj ^ ■ ta^aJI ^ — a St ajai j LaSj . jj_jlill aJa ■ bj (JaJ (j/i 

-I iklml ^-a (Fluorophores jji jjjSiSI) s jjlLJI ^U^jVIj ^Lja^II --^Si ^ j 

Aljkj oj_jlaSI ^-a AasljJ-all a it ■ <aaSI aljaia.VI - laluU .Aje ' kjuaSlS ^j_jls jff a 

t^jlt Aiaj s jjlaJI >a ^j.iaj ^iij ^jll t ^a a uJ a S t Confocal microscopy— SI 

AljilSI ai& a Jj ■ all ia.Jj .tllSjll i _ s lc -IaIju Aaj^laJ IgJ-l&Labo j Ajla SI jl 
( jjj^all ai& . L_l jjmla SI 1 g aJ IgjiaSj aJJ '"'J^ (JM 3 ^ j3-'-*<i ^^-Sc 

a jjj-a U^xj JJ^aj jl (jLaj tAjlaJI "^jI jji" Jlaj (jjJI 

,4i^ll Jlft (_£JJjj*aJ jj-aj (_pajc (_£jaaS AjlaJ (_£.la Jc ejjlASI 4iUi£ I g SS uS 
I ■ «aj| j£-axJI (jxs Ajli tdl3j]l j-o Aj jli!La CjI Jj3 (_£.la Jc. jj- all JalaiSI aJ lilj 

Ajla SI (Ja.1.3 aj_jlAll A^^a^ (jjJJ j 1 aJii a aSj3 .llljjl l-J jjoila SI at ialjml 

jjlLaJI jLixaJI a<uiaj| al nb ^jl^Jt Jj^l Cjjjlaj ^aJ 

aj^j ^a (^jaill Jjlaall lilliSj (Fluorescent antibody cell sorting) 

ajoij L^j3 aJJ .4 U i 1 in dlli I ■ aj) AjjSjII sAii .<SauuSI \^ j it ■ axSI - 1 aa SI 

tilSi A*J .IxiLiJI (JJjSj a j»JJ^ JJ_J^^ AiiuiiSI aAia.j ajL^a alt aLata.VI 

_jai ^gJc. tiiSij <SjLj Clll^laa AA j3 ^>JC. Ajllt At jjaiJ LivLLSt JJ-aJ 

. jj2jj_jliSI jjjj (^iSI jJjJ ^1*^0 A-ajai (_a Aa.1 j CllSjll 8^1 j Ajlii JJ^a 

t_yiSJ .(_5^j3 Ajlii (JS (j^i aj^L^all OJ_jlAll (_>«ljij L_Loil j^]l ajij jjAic. 

^^ic. a^jlj^3 (J^a. (j^i L£>LaAl ^.'1 . \ . ajl (_>ulaj (jl (j^-aJ idia_jSI 

Cllljj3jj_jl2 alAaiul (jS-o-aSI (j-a LaS .^Lj^il^JI Aj±ua.j aa a.1 f.jj^iall A-aja. ■ " 1JJ *■* 
jj£j lilSljj .Aalia^a a iLjaa aLutal >j-u j] Aalia^a dllaujl ■ aljlal till j Aalia^a 
iJllLaSI Jjfui ^^Ic. ia^Sa fl\l ^cjl j-all ^-3 ^^Ja. I^a. a (JJLaJ Juijj jt^aVlj 
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.AjcJII AjjjLuiVI l^C-ljjl Lima Je (jLuij^l *J Jj"-^ (j^-aJ 

ClAjljJa. (jVI j) (jLouVI LivLi. ^ U i ii Jc dll li ailuiall 4-Lajgil ' i-lii aJ .laJE.1 

l^a. J£ii ("Cluster designation (CD) £-a^ill m^" fl-i^L? '(csj^ 

(j-a JjAxJI J O jaj jll Jjlaall £lj115 (jj . jjliall jliJI JjlaJill al ikluil Jc 
l y a aA^luij Lajj AjAmilt o-lja. j a J i ayall al » n-sVl CliLaJ Jc 'I j Jda all 

j-lij '"'J^ (A^jLolLs 4_iiclij llAcj^aa a J a il i <a ail aLuia.VI «^A ^J"^' (J^' 

a2jJ ^aaall l_ial 4_Lall*JI 4_iaill Cj-IaIcI lilljjj Lpl i aaj SAm Igjl 1— lla aaall s^A 

L£UJ , iy„^ (^J| t CD3 iCD2 t CDl blla) CD aL-L, J ^ JuAuu 

4 "CD1- cjbLj«"_ ? ^cjB Jll sjU^JI r L^Vl Jt^j .SjLiJI aL**.SM 
.CD1 sjU^J r WVl 

SjJ^J SjLixaJI j»Lu4^VI J AjjJuLaJI SjLaJI ^LuaVI <IlLa1.ikIuj| 11.25 

,_^-aJI ( i< ii-) II Jib Aljmiiti 

vivo uses of recombinant and mono clonal antibodies 

Jc JJJ^ (J£-uiJ .lajxj t _ s -aJI J a^Lja all al i n-^VI CjLal.laijil (jj 4(_5ja.l o^a 
CllLa! .laliuil (Jjljj Aic jUa.VI ,J " ; J (J^-^l (j- 4 > ■ . a all alaj Sjjljll AjC _jill 
J a^Lja all 1 VI (jl (jLiuij ^^-^-51 - 1 SI J Aliuijll sJj^ j a^Lja all ^1 i \\-^ y £\ 

(2>a I Sjl aa J tdljj iljj^l u*J.'^ Ac Li-all jl^a. J LlmJJj IjjJ i_aJj LLaLuia.1 
^aC.jll Jc t(j^lj .Ajjj^ill dll li '— "' i " all Ailjlj iJjL.Jaj^all Jj3 JiLi. jj<o CjLU^aVI 
ClUiUJI JaflS Jjlall < A ajSa II J tiilLiA tai ■ ^all ^L.ua5U ^Jal jll Jj^ll li* (_>a 
a j a i '— all at ma.VI ojl i aa (JxluU Jll UlLi 2 ^ •wV „*\\ 
LUlLa^Lxjl jj^JaJ J 4-Laj aJ a Aj£yLa.lj Ajlatj tAjjLaj Cjljliicl Jj JJJ^ (J£.ij'iJ 
L-ljLaall J Ja^S j sLja-a a i JLa.jj p jjAaj (_)^3jaJI (jj a il i a all al mapfU 
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^1 jA 4_al.laliuil j LijLaj A xaA ^ljjjjII J ,J aja t _ ? l£- <J J' "J "SSJ^" 1 ^ 

J ja. jJ IgJjaj lit I lj£«J jj£I <Jo AJLaJlj .Jjjla ClS j ^j ^liajj 4il£ll JjLa 

.UxLall (.SJjuuII IgG 51 glla&jj ^jli aJ .ial . jVI S a^aljaixll (JjLa^LiJI 

Lisa. ^ katJ (_gill G Ar-LLall jj jJjlc. (_jl ilVIG t^--^ J L aalm aS il!La) 

Acliall Ljjs jjSj Sjj^c tiAJjlajjal jr^UJ (Intravenous IgG ^jjSLj 
jl£aJ j ujjij U^ajl ^ja. i*\ j** ia. ^k. j .A*iU Passive immunity ajjLJ 

.Ua (Jxju jijiJI j! 4-ik^a.VI j-a ^ JaJ — 11 t <Lj ajll 'o.Hxllall a il i '— all (J ■ a<aYI 

j>n*sUull ilia) ^J-^VI 

^.A si >^i«\l ^L.ia.Vlj cjUOUll si* jj .jlaJI ^uull CiVUJ Cila^U£ <(Digaxin 

V I^A jl Vj 4<iluij]l sAiaj a AjJax al i ii-^»Lj lgJl.liiuil iU^)]aj t jS^all j-aj AlLxi 
Clllailjill La^-a IjJ-i "ilLiA jl lajJalj ( _ ? ajJ 4-i£l . LlaCj LjiL aJiil (Jjuiaill jjf^J 
Jl , ^ »V I Ajllxi jx jVI AjLiij j>j La ^-a ^^la. t <Lj ajll oJja.j a J i '— all ^1 ma.VL) 
(jj| jxll J£J£ ^1 ^^Aijjll J ^JjLa^l CjVUjiVli tAlj-uull a.U*laII aijuaxll 

jAj tjjjljxll a^A ^C I ■ llatlll <U2 ^JJ (jl (jS^uill jx -iaJj (JlfLa lilLiA .AjjjjjjII 
t^iiuull aOlnlall AJJ^I (RheSUS D) RhD a > ■ - alt Cllj ■ Jl \"'"t JLaia.1 

Haemo lytic sjV jll (Ap*- (j^ j-aaJI ^1 L£La. Jlaj <_>a>a £^ s ^^'■■■^ 

'dsease of the newborn (HDN) 

^gic Ajt jlxis jjc. jA RhD a i '— * i " a (jj • RhD v almfll Ajc. jill Aiiuiill aAla. j 
Aj3 (J aaj j^jll ^»VI jji ^tilLij t^aja-all qa A a Ajjoij ^ f.lj^aJI ^»^ll L^yLa. 
jl£ Ijj I j ilia (.Ij^aJI ^Jlll LpLk AUa Amelia dll jl alml «.Luajl ^_lc sjjla Ajjlui 

RhD jjJaa jj jj .8^11 j jjA ^jAUall Ja*ill lAA <iiljj <ajdj RhD + *J AjS 
\ ajlaaJ l_i±luJj (IgG 1 ' all (j« jlS Ijj^ <^a±uLalt jjiaj jl laluil ; ^aVI Aifc 

(_S^3 ^IjxaJI ^1 Lj^La. (Jlaj (>a>a J' aaJ V Upjia (_5.il jslj*all ^1 Lj^UJ 
^Vl Ajly.nt jV sRhD + AjS J-aaj J jl^a J jl a^V j Sic (HDN) a^V jll (Aj-ia. 
JiLa. Ajl Vj .RhD a ■ '-"< ■ - iJa IgG i ■ axil . aa \\ Jjlajl tSS j ia.U Ajclial! 
jj^" IgG ei..-a,<JI j»Loia.VI jli tRhD a ■ aJ 1 a al A^lajj ^ Aj3 ^a (ja^UI JxiaJI 

^jc RhD Cili i ^-ifl «Vl c-LLcj jl ^a.j ja! .(Ajjjliill 3x.lLall 2 .u*.,„t) J&\ 'icjj^ 
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Jliall I^A ,J Ji^Aj . RhD CllAJalaiAJ '"';<; jl S^V jll 

J ja.J e- JJ^a (j-«VI -I laajLuVI J ja. Jjlsll ' . '* li U' f P-hP 1» alm^H ^jt 

-ll-laJI J£.uill j tBSE jlLVI ^jt ^7- \a.,.Nfl ^LaJI ^JajA Jia l _yJjA$\ 
^4 4_ajiuJI aYI ^^Lt ^ a.ll! illLaala £lj jxl (nvCJD Cj^Liuij jj^ll 4-1 jSl^. o^ 3 ^ 0 

.lla.j gjj all al iV'u.-l jpJ J jjV'll LalA I Jjp 4l_lLajYI 

(Cl 1§j3 SwjiUll ajLjaxJI .,Laia.Vl V) cjS-aJ CiVLa. - J tflljj ^aJI a . aa II 

(J^xaJ ■ . Ifuill ■}_&*JJ v "7- SI (j-o 4-l«j_all Lj^iLiJI J ■ aJJ i ill dlVjl a a£ taLft jj^ 
(jjiL-ul ^gJc. "Lajlill ClLa^ilxll 4j^>aJ (J*^ La '^-^ CAs^kc j3 jJ a^C. ^gJ] ^gjoUJj 
al i ii-^VI (_L\3 (Jj-o jjj^ajll ■ . lUaJ (j_J^J (j' (j^^J "^HL)^ <_J^- Ui ^ ^ ■ a alt - 1 aa II 
Jj^a jjll «UjjLiiill sJ^Lall a J ■ a^all aLuia.VI ^ ; W'l . m a] La ^Jl 4 Lmlll eJLia.j a^U-a all 
jjAjJ ^^Ic 4-ajlill ^Jjlaoll (JS jAlia]l JjiiJI djJ .Jill cJ-LuiSfl tAjJI 

a il i a all al 1 VI 

Jjkjll eli a^L j1 jlxu ^ill jaaJI _>a (Imaging) jjj-fli2l uj 

£t^O (J^Li tSUjj 'S^^)? 1 J^c. Aij^iaj (jLuijVI t -> i aa <Ja.lj j^'^l ( _ 5 L*-aSdl! 
jja. ^ (_$Y) Aj2 ■ . 1 j i al a It J Ala jj i a alt AjjAaJI dlljjSllI jSjJj ajLja-all aLata.VI 
^Julaj 5_a j^jj j^JI e^Lja all aLuia.VI jc- ' kjuaSlI ^AiLa j^-aj iiill^Jj ( J..'J L fl ^M 
t 'liVilj^ll (j-a <luilm J jaJLuil jj cLalc. CllljJ-alS a U,„lji aj_all ^gJc. 'aj^j-a!La]l 
<2dJ L_l j » ill ~s ^ j_j<ajS J_jiaJ (jl jbuVI a jj i all (j^-aJ tA£^a!Lall 

£a AlaljILall tJSLuiall ^ya Jj^stll (ilLiA . 4-ajjjj-a]l a il i <a alt aLuiaofl J'^)*^' ^J^ 1 
4<ljja-aJI 4ilVl dllj ai.iJa.ftll aL.iia.VI 4jjou1Lj 4 JUlall JjJjuo ^^Ic :Ajj£lll a^A 

JJft ji.Vl ajjiiH plL ^a 1 Ualui all ^__k- j£^aJJ (^^11 _aA -laaS Lg-La a^u3 lilllA 
jl jj JJC. cJ^-*J 4-ajLujVI u * j / j3 ^ i «a all a ■ aa II 1 la.1 aJJ La£ .JajJ^a 

a^A 1 ■ <aj) till jJjA jjj^ll I " jSj i a a j Fc ' " ' " " AJajLal _jj ^^jj ( _ s ^=> 

.'ajLia-all aLuia.VI (j-a (jjjAlaj JJJ ' all Sda.1 jll Aij^iall 4j _aaj a^Liall aJJ tAjjSHll 
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ajjlS (jjiljia]! i ■ aJ i a all !>l!La 1 i ■ alm.aU Lc. _jj (jj^ll LaA.la.1 jL£aJ 

jjc. (> jSlj (Ualjx LLuLia jj£ja Lai c Tumour-associated antigen 

(j<a ia.ia.lj ' j/'JJ L all C-^ 3 <-^ a ^ "-^^ >i«J ^ aQjuLall aLaJ (Ajjlsljl) ^JCjj 
- ■ aa SI j^JJ 4ijjlall a.l£J .JaSS ^^CjjSI -^O^ iajjA-a (_gJc Jj L aaJ] i(_£ja.VI 
j& i*<-v M <bca.Li jj^ajawjij 'alii a.^j 4j| VJ (AAiaaJI ,_2 jA La-a Lejj jLja-all 

4j.ua SI (j^alj^sVI j-a LjJjlLaj 4_i^ijj dlVliii! 

t-s jUiall cjllnkill aa.1 jAj t(Cancer therapy) jUa J*^ 

4 i ^il i j aLajoLaSI a J • a^ail al * h-nVI a jfl 3 ttJ iaijj^ 4jlj (jjAjJI aJaai c jjj 1 ^ jV- 

jl±a.Vlj "LalxJI <jLaj ail (_3 - la>Jjji all ^Haj^a^a]! jA j < "^JJ^ ' "I 

^cauU il i bjail » ■ aa il 4_iE.jj jl ^^gA iaj^silj .Ajdj^l 
4.JC. jj jJJ*J (_£jjj*iail j-a tVjl ' jj"'J (c^ LlA (JSLuLajt £3J j I g ajjaaJjj 
IjjlS jj^J jl j-a jLia<ail - 1 aa 1) jj V 'Llilj 'ajjil £-a AialjUa AjjqiUx (AjjIsjjI) 
(Jjjl .4jxjjil L£iLajl ^gJJ ' . ualuiajl ; -jl— 4jJ| j« ^| jj^l (J '-" ; (Jjj-ajj ^gJc 
j£-aJ ■ - Ija Igjlc (JllLaVlj iajjli Ajfc jjil jl 4ia! jxJI dll L alubaSI jy*J lJ^JI j<a 
.(jjajj-a JSJ jLjaxs ajuia. jIjcJ L_LaJ 4jl jaj 'ajlt ^ JakjJ jl 

ClLjJL Jj£j jV 4-ajlLa ajjll L^Li. jl ^ (jLja.Vl ■ . ilc-l (J A-ejlSJI 

CjuLmlSI jl dlLaALa]! JvLk j^a villa i il ■ a all a ■ aa il ^_lc Aalxj ^ill ' . "'' " ail 
a i "-^ SI I^jS jAjj ^^ill AlLaVI ^j'-** .' liSLiAj .Fc 1 " y°"' ' a a dll£jl (_Jj3 (j^ ojllLall 
!>l!La 'aj_j]l pl_jjVI (_>ia*JJ (_paJ^a J£ (j-a <Jjoij ^fl (3^1 Vl*3 ^ i a all 

.AjjjjxJI i_1jL>j1I (J (JJiall Cl^La. (_>a ijAaJI tfSLlA jl Vj 4 La jiallll j Lul£ jiSI 

i^xajjll Ajla SI ajiaaJj ' al IgAml ^ 4_i»_uiaJI ' . UaliuLaSI CllLlI jc. Jj.\i^ j 
i^jJalj uij a j ■ bjaSI al maoflj (_J^>a.l 4-aLui (_LjIjC jj3 oLalxJI (_><a*J cJjLa^ 
Jjjj (^ill) AjLi£ AjSIc A-ba£j Lc. _jj a j£^a!Lall <*juuiSI il ■ ia^aSI ajoiaJI jjliajS j^-aJ 
ajSJ jl ^^Jjjiill (jlj!la.l <S_a^jjj Loj-aC. ' 8j ajj ta J ■ a ail aLuia.VI AiSI ^-a 
a_aAjjo (jj3 ljJ^>a. ^33 (jj^>aJ Lai •aj_j]l ^gJJ <SjIS ^Luoij Clllc.^)a. (Ja^jJJ 
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Abrin jjjJ j iRicin j^yj p j^t^ ta^LjaxH aLuia.7Li l.ia. 3Jl*i 

dll i ■ almal! (_pa*J ^jja .lia. (J^- 1 -^ ajAuJt si* (_Luu IajjAj .GdOIlill jyj jSja. J 

<£a. j-a .•"LLajjll Ajla il Jj2 *La.j.i *l jl (jiaJJ-all oLaJ AjC-jiSI JJC- AjaioJU 
Jl iaju! jllall (_£.i-a]l J 4 - c?*J 'l-^ Ajtlaluba aaAuiSI o^A jl J^JJ '(.SJ^-I 

.ajaJlj ~ il i '— all a i "7- il l_ l£j-al i <a alt jj] jj jlil] LjjS <_J*3 .ij 4.1aVI JjjIaSI 
JJC. S.iLa JjjaJij ajSJ CllLajjjL) a .iLwa all aLuia.VI jj^ ' L^i^i '^J-^J 

-J (Jtka j jj ■ ilia. aL« J£»i tPro-drug -icLui-a *l jj t^-aLuj 

CllLaALall jl^a. J J^iiSI ^ 1 ~ J"f " (jl ' (jisljl <— SJJJ j •^J_jll j£j-aJ jl£-a 

j£j-aJ <La.j.i (jl (_jA Cjljiajijl jIuiVI oi& ^j*aa J 4£jS»i-&]l a]£jola1I jj 
a il i a all aLuia.VI j-a JJJ^I jj^J jl 4-ljC- J-all j/a (J^jls .<La.ja.j AAlSJ 
j-aj ja.VI A ^- ■ jj}? I J jj JJC. (J^-»-^ AjauuI JJJJj v ia SI <J!)La. J ja_i 
tJajjJJI oifc lliaJ \; iaull J jLulj] Liiij ' . LtaljuLall ClsLJI jli (dllijlLall 

Jc Ajjjojjj a jj i ' CllLjlVI oi& lT>*J ^ i <a ail - ■ na SI 4j-a£ J o-Ajjll .lie J 
<J&li-all dll^S*-aSI j\LaJ jll l—ll jiaaJI j ejjuoil p^lajjlj 4<SX^I (jjaliajl JljJ 

. ja-SI il i <a-a3l a • SI je 

^Laall (j^aa-J ejLwaall aLuia.VI al-laiuil Je 4-ajlaSI dlLa^lxSI Clsjja.1 Jal 
<JC.lLall ' fljl iajSI J A£jLia]l Lj^jLkll jill ' tl i^LuiVI jA j (Aa.1 j J 

i'u,iVi..il jal .(Immuno suppression) ^LLJI CuSlI j^ <!U ^Lijl liSJijj 

jl " " it Jjl 3 ajlH S L!>LaJt j-o dllai ala aSI ^ioa. ' al i^Lmit J a il i jaall aLoLa.Vt 
j-a iaia 1 g '«*- J±x-a I " 'I L aj i a a JjaAJ jl (Ajjtlll "i^^a-a CllV^-ui 

i a a jc- JJ«-i JSI M J5* b^iJI 
o^a Jja JJ ojlxaJI CjLajjl jiuiVI i^^j c±it£ ^aS .4jj«-a cytokine jjS jli.,.. 

aj-uaJI Jc- aJLalx-aJI AjaUliall ' . UaHuLaSt CjUSI al ialluit J^-a. j-a La) Li^LaJI 
^!>LxJI J Jj^-j ^SS ilja-j^a Lai .Ajcliall ajxuoill al iavluil (J^Li, j-a jl il i a-a]l 
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j-a IaA A3 j .t_ijJa2j V a 11 aa o a 11 ■ a a at ui-nI at lallmt _jaj a JUia all at ui^jfu 

ill* tCjIjLiiU AjLaVt S.^.Ui jlj ,SaVu „ caljLiV LiUJI jt <^ljj] 

j 1 g M $ a \ i >4 tq"u a Lj-jl at (_)*■"■» jt t g i '-— » 5J j-a (J^ljluSyi aAA llul£ La lit 
Lila. -Jl itillj je Jj-^ jt '(e^LpJI Jc-tij ^ L_Luijjj LiLa. .Jt LaJ fl*" 
a^Lja at > aa VI at laAi at (JiLa. jaj -(J* 5 !' 'aAj ja ' aiaJ (jt t g jl *■ ja AjxJaJU 
o^lcj jl£-aVL jj^J U' (J-oL^all j-a <jli J» jf^t 4j_alaJI CjLlLaxlt laaJ ^^llt 
jaj ^jl&j tdltill Aua Jc-tiJI <-slljV AjjUI AjC-liall Clilclaill <J LjiLaJt 4_a-ajj 
. l_)Jjill ^jjll <-5*^ CS^" (^-Lvall jl g 7- it ajlaJ (_£^>a_) (jl (j^-aJ iAjLla 

iaj_)ll ^gJc. 'aj-llii a ll i a alt aLuia-V (^iij jb aAA lAaalilt t—ajUaj i . lilajj 
^Jc. ja._j<all FC ' " ■ a a JJJJ jt CllLa<a!Lall Jiij VI ' . J Igil JJC. L aluialt J 
^ clL/LuiLoij (JjAju (JiLa. ja (j ajt ■ aa It aAA (_jLa (jAaJ j£-aJ ' . "?■*''' " Lila. 
.AjJjAII 4ijUa <ULuAa.j Aljaj l^jU ajj^x^a jLja-all ajoiall AjjljJt ,j}Jalla3t 

j) '"'J^ t Aj^jJ a-ia It ClsLLjall «.Uj aJJ tCjLaJjl jLuVI ai& ^J^ » at a _alaa£ j 

jiJjj ' "'I ila £-a Lg-3waJ aJJ S-lLjaJI aLuiaVI j-a FC JjiaLLiI jijjj Jill LPUJI 
jl£jjt (_Ja.l j-a (jt ■ allVt dlljjja. jl jj£ jf'j i alt I " ffi i a a jxs dll&Uakl 
it ■ '— alt ajuiaJI jo BjjAlall 4 qU'i all JI.\i"u,Li a jlj Ujjl £-aj .4_icLLall dll5t i aolVt 
FC AiLla Lai .Jajljll (Jft t^a. LjC jj lij«J (j-ajj (^JJ dll&Uaflll O^A jl VJ 
.J_alal j-a£ ' L aj t i <ajt j Ijlaia t^t^J ?.(_5jjaJI aa 1 (j-ajj3 

(J ^^aJI ^ ajL_aJI aL.na.Vt at laluit CiVt£jij (jaaj tailcl j£j La£ 
AjA*1I i ■ lllajj (_^ilt Ljjlc. Ajjj^jJI i_1 \iajll f.l_)a.tj clAjJ_aliil (j \aLlutalt (j-ajlt 
(ja ajJaVI Jalj^ll <J ajL^all aLaia.Vt (ja JjJjlJI lilU* tSllil .till jiuill (ja 
jl dlt jiuo jJic. Ala LaJj ^Jfllr- jli^al ^^Ic. "LajlS ,_A jijJt AjjjjjoiII i-JjLaall 
jliiVI (j-a Lja«J Aaj jl (Jj3 Cllljjjaill (ja AjAsiII tilLiA jj*^_; i a t^llilLij .jjSI 
.AjjjjjjJI t_ijlaall (ja (jjliill J^?-lt jit Ljijjia jllk alt ale (_a CliAaVt 



1070 



Further reading ^-^! 1 j$ 12.25 

Antibody Engineering, vol. 65, Chemical Immunology, edited by J. D. 
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2-Propanol 

2- oxoglutarate 
2,3 butanediol 
4-Butyrobetaine 

4- nitrophenyl-a-acetyllactosamine 

5- Hydroxypyrazinecarboxylic acid 

5- cyanovaleramide 

6- aminopenicillanic acid 
3' Exonuclease 
2,3-enoyl-Co A hydratase 

3- hydroxyacyl-Co A dehydrogenase 

3- Phosphoglycerate kinase 
(3-carotene 
oc-mating factor 
5-member nucleus 
2, 3-dideoxynucleotide 

2-Deoxynucleotides 

Abacavir 

Glyceraldehyde 3 phosphate 



o-j JijlSj^j I ~2 
(Jj-LjIj^j 3 1 2 

J_^jj^J| ^jl^-j -5 

A _ J jJI 3 i. 2 ^ *L> iiL^l f->y\ 
A J_J 
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Target DNA 


^io^lDNAJl 


Passenger DNA 


Jji^ j) t-^lj DNA 


Recombinant DNA 


DNA 


cDNA (Complementary DNA) 


t^j> , DNA 


N-acetyl glucosamine 


{jy>\jj£ jli- (Li— '1 _ N 


n-alcane liquid 


, liL* [VS0l_n 


Real time PCR (RT-PCR) 


^^3-ai.loi^LPCRJl 


Ribosomal RNA 


^jjj-l J\ RNA 


RNAi 


J^_dl RNAJl 


Messenger RNA (m-RNA) 


Jj-j RNA 


S-2 Chloropropionic acid 




V H 


(iUill ILJUI ,y S^Jdl Ukil ^ILi) V H 


V l 


(SjLii-l il 1 !l ^ o jJcdl iikJ.1 ^Uai) V L 


ot-amylases 




Fluid granulation towers 




Spores 




Apovaricin 




Mumps 




Sense 


(5^1-^1 ob£l 


Oxygenation 




Automation of DNA Sequencing 


DNA Jl iJ-J— Sj^t fcrt 


Ethylene glycol 




Agrobacterium tumfacien 




Occlusion bodies 




Monoclonal antibody 


aL^-jJI s^UaLI ^»L*j>-*yi 


Inclusion bodies 




Humanised antibodies 


<C_*~jj^> fljL^a aLm*>-| 


Fluid mechanical stress 




Single-stranded 
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Monosaccharide 
Haploid 

Global worming 
Lattice entrapment 
Probability 
Vortexing 
Amino acids 
Aliphatic amino acids 
Fatty acids 

polyunsaturated fatty acids 
Organic acids 
Nucleic acids 

Continuously stirred tanks 
Protein-DNA binding assays 
Clinical trials 

Enzyme assay or immunodetection 
Reduction 

Free-energy reduction 
Binding groove 
Genethics 
Oxo-functonality 

Federal Drug administration (FDA) 

Adrenodoxin 

Adsorption 

Adenine 

Adiponitrile 

cAMP 

Adenosine monophosphate 
ATP 

Adenosine diphosphate 



Is- 



DNA Jl ^ i»LJj1 cjIjL^ 



iikji 



OXO | _ J aJi jJl »b^J 
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Arabinanases 

Arabinose 

Linkage 

Gene linkage 

n-glcosylation 

O-glycosylation 

Linear correlation 

Recircularisation 

Arginine 

Archaea 

Fibroblast 

Erythropoietin 

Erythromycin 

Arenes 

Deacetylated 

Dimorphism 

Base pairs 

Azoles 

Azethromycine 
Builders of detergents 
Asparagine 
Aspartate 
Asparaginase 

Site-specific integration/excision 

Acetate 

Istaxanthin 

Cell retention 

Transponation 

Secondary immune response 

Immune response 



JjjVl 



J 
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Light detection 
Saccharification 

Fatty acyl-CoA esters 
Esterase 

Inter-esterification 
Recovery 

Green replacements 

RSCU = synonymous codon usage 
Relative 

Applications 

Polarity 

Excision 

Sustainability 

Immunogenicity 

Multicellular organism cloning 

Acetyl coenzyme A 

Breeding 

Basic biotechnology 

Gene silencing 

Lithium acetate 

Acetaldehyde 

Acetamide 

Acetone 

Acetoine 

Expressed Sequence tag= EST 
Translation signal 
N-terminal Signal peptide 
Signal peptide 
Derived 



^jJ. <.j-£ — U 



(J l./a.!^..*i I ^Uaiu*l 



_Lj Lj- I 
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bands 5jp jS\ 

Food irradiation A JjJl j\ ^U-l 
X-ray 4_^_Jl iui\ 

Colloidal 



Dyes 



Amino acid sequence alignment c^ 1 -^^ J—^- 0 " ■~' UI ^ 

Artificially ^Liw 

Hydroxylate J_5 jjJuLjJI 8U ( 

Reading frame 5*1 yUl jlJs 

Open reading frame (ORF) ^jii. 5*1^* jit 

Extension ^ 
Terminal nucleotide sequence ijuU^J^jJ oMi-J >_sl 

Overhangs *sU *_sl^l> 
Cohesive ends = Cos Site cos ^iy^ jvJJ ILli toU Jh 

Reoxidation sa~51 SjU 

Arbitrary J^^f* 

Set-up jIjlp 

Agar jUS! 

Fouling flims JL* <JJ>\ 

Reactor-adapted membranes JpUII £. iJjL, 4_A* 

Aflatoxin jJ^U 

Avoparicin (jwjLjj 

Ephedrine aij-^ 

Conjugation ol 

Suboptimal J Hi I ^ jlA\ ^ Jj 
Acrylates 

Acrylamide -^.LA>^ 

Expendase jla™£ 

Exon dj~~ S] 

Aconitase yi »s1 
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Albumin 

Thermocycler 

Translocon 

Annealing 

Improper folding 

Pneumonia 

Hepatitis B 

Rheumatoid arthritis 

Reckettisial infections 

Calcium alginate 

Original single-site affinity 

Affinity 

Long chain alkanes 
Alkylation 
Tropan alkaloids 
Terminal alkenes 
Allele 

Patho mechanisms 
Hollow fiber 

Evolutionary mechanisms 
Absorbance 
Circular dichroism 
Optimize 

Infectious diseases 
Antisera 

Polyclonal antisera 

Amphotericin 

Amoxicillin 

Ammonium 

Amide 



PCRJI ii 



B £^Jl y> _l£JI ^jI^J 
jlijl J^Ull ^l^J 
L ..:..SLJ\ 

<i .'J I t>SSjC~a t>s\ ./7 a JL^s 
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Amidase 


j|jL»Sll 


Amikacin 




Molar growth yield 


^ojJl 


Stoichiometric production 




Productivity 




Volumetric productivity 




Volumetric productivity 




Interferon 




Consensus interferon 


^^UM jl <ul* jj jil 


Interleukin (IL) 




Intron 




DNA Cloning 


DNA Jl £_Uil 


Gene cloning 


L/^>-l 7" L "j 1 

- ■ t_ 


Shotgun cloning 


Sr 


Expression cloning 




In-vitro cloning 




Passive diffusion 




Natural selection 




Stereoselectivity 


<LpI y ioUijl 


Regioselectivity 




Oxygen transfer 




Metastasis 




Anthocyanins 




X-ray diffraction 


4..:.... 1 1 ol ^xjl 


Linear regression 




Solubility 




Androstenedione 




Coalescing 




Combination 




Cell fusion 
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Restriction enzyme-mediated 
integration (REMI) 

Protein fusion 

Endoglucanase 

Restriction endonucleases 

Frame shift 

Orotidine-5' phosphate 
decarboxylase 

Histidinol dehydrogenase 

Acetamidase 

Pyruvate carboxylase 

Integrase (Int) 

Taq polymerase 

Chymosin 

Aldolase 

Specific aldolase 

Alkaline phospatase 

Pyruvate dehaydrogenase 

Amylases 

Glucose-6-phsphate isomerase 
Triose phosphate isomerase 
RNA dependent-DNA polymerase 
RNA polymerase 
DNA polymerase 
DNA taq polymerase 
Adenylate cyclase 
Pyruvate-formate lyase 
Galactosidase 
Luciferase 

Fatty acyl-CoA Synthase 



J 



jIaJI jUli** jjjJl jj 

RNA Jl i_Jli Jl«^u DNA S^Ju ^ 
RNA Jl t RNA 5jju -jjJ 

DNA Jl 
ill" DNA Jl 
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ATP synthase 
Citrate Synthase 

Formyl-tetrahydrofolate synthase 

Topoisomerase 

Carboxykinase 
phosphoenolpyruvate 

Acetate kinase 

Acetyl kinase 

Pyruvate kinase 

Protein kinase 

Butyrate kinase 

Phospho Fructokinase 

Phosphoglycerol kinase 

Phosphofructokinase 

Succinate thiokinase 

Phosphoenolpyruvate carboxykinase 

Nucleotide diphosphate kinase 

Phosphoglycero mutase 

Phosphatase 

Alkaline Phosphatase 

Ligase 

Fatty acyl-CoA Oxidase 

Alkaline protease 

Isocitrate lyase 

Protease/proteolytic enzyme 

Phosphogluconate dehydaratase 

Glyceraldehyde 3-phosphate 
dehydrogenase 

Phosphogluconate dehydrogenase 



ATP J I 



(jLU^**) ^U-Jl ^J^yaj p-jj- 1 ^ 



s.yy.yy ^.y ] 



oLij ^jLj tj jJjI j-A-* 1 (J—**"^' Jij^ ® j jSmK ~^ fH J" 1 ^ 

jUJ iDNA Jl j^J 

Cj ^U~Jl 4^_Jj cJ*^^" I*-./* 

oL^ j-^" * y^^ ^y p ^ y 
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Pli ncnVi npn r\\ nvmvatp HfOivHrntiiQf* 
i iiuj uiiutnui lj y i uvu vj. til y u.i auiov 




\J Mil Ui3 Ulld LV^ 




dehydrogenase 


cjLL- ftiJl— 6 ] o5 JjJ 


Formate dehydrogenase 




Oxogluconate dehydrogenase 


~ ~ J -* •-'» ■ y S - iJ- j \ "-s 


Fatty acyl-CoA dehydrogenase 




Succinate dehydrogenase 


tJl-J Lw*~^*»J 1 £ r'O- « i_Lw*> , L) 1* *-> Li 


Malate dehydrogenase 




Isocitrate dehydrogenase 


O-o JLwJ 4 Ju * ^ , r\j>- a i Li Lo Lj 


Malate Synthase 




Endonucleases 




Oxygenases 




Acylating enzymes 




Modification enzymes 




Restriction enzyme 




Cephalosporinase 




Exopeptidase 


4^>-jL>- CjLwJj 


Endopeptidase 


( j-JJl) CjUj J 


-lactamase 




Mono or dioxygenases 




Autocatalytic enzymes 




Nucleases 




^aruonyurase 




roldases 


^iU^J^VJ o-LpL-« CjUjJj 


Cross-linked enzymes (CLEs) 




Cross-linked spray-dried enzymes 




(CSDEs) 




Draw back 


* >L>c_*~j 


Plug flow 




Folding 
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Baculovirus expression vector system 
(BEVS) 

Dissociation 

Segregated 

Dialysis 

Meiosis 

Binary fission 

Mitotic division 

Cell shrinking 

Breaking self-tolerance 

Microtubulin 

Ellipse 

Operon 

Augmantin 

Ofloxacin butyl ester 

Oxazolidinones 

Oxa cephams 

Oxalate 

Oxaloacetate 

Oxytetracyclin 

Auxins 

Oxidase 

Initial 

Primer oligonucleotides 

Ethanol 

Ethane g 

Crown ethers 

Gram-positive 

Isooctane 

Isomerase 



Jul i J_^>ti5l 
A-jj-o L.,.,.5 - 

J^-LiJl (_>^Lj Jul! j-LJ 
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Secondary metabolism 




Endogenous metabolism 




Sugar over-flow metabolism 




Anaerobic metabolism 




Propodium iodide 




Ion 




sulphide ion 


LaJu*< 1 O^j 1 


Sulphate ion 




Papain 




Nested primers 




Pro insulin 




Yield exclusive maintenance 




Bacitracin 




Palindromic 








Pyrophosphate PPi 




Pyrimidine 




Biotin 




Linear polypeptide 




Basic research 




Top-spray 




Software 




Strain improvement programs 




Warping software 




Fluid dynamic modeling 




Computer soft ware 




Propanol 




Propanediol 




Propane g 




Propionate 
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Propionic 
Globular protein 
Protoplast 
Protocol 
Channel protein 

Catabolite receptor protein-CRP 
Green fluorescent protein 

Carrier protein 
Crystal protein 

Catabolite activator protein-CAP 

PutativeProtein 

Lipoproteins 

Regulatory protein 

Adaptive proteins 

High value proteins 

Glycol proteins 

Chaperones 

Fusion proteins 

Nucleoprotein complexes 

Proteome 

Prochem 

Proline 

Prions 

Proportional 
Hyperbolic 
Finger print 
Northern blotting 
Energy dissipation 
Agrobacterium 



a JL^J I oL^^l J.,.a. T ... J .I t j-oj y t 



0 yjy 4-<w2j 



-L3 



4^P^>- 1 Li 
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Enterobacteria 




Lactic acid bacteria 




Propionibacterium 




Eubacteria 




Obligate bacterial parasites 




Sulphate reducing bacteria 




Methanogenic bacteria 




Bacteriocins 




Pectinases 




Bulk 




Plasma 




Plasmid 




Conjugative plasmid 




lVTepa-nlasmids 

Irl v w CL l_/ A c I i.? 1 1 1 1 vl o 


A ft *\l - c , " t 1 n \ *\l 1 


Mobilisable plasmids 




v. • i w .j .j 1 1 1 1 iv ^ ^/ 1 1 / - y 1 1 1 v_/ y oiciii) 


A\ "a » " 1 1 J " H . 


CLECs- 




Mediated 




Biosynthesis 




Bentonite 




Benzene 




Penicillin acylases 


j- ^ ■ — « \ ^j-J-fc-^j 


Microtubular structure 




Tertiary structure 




Fusion construct 




Secondary structures 




Penicillium chrysogenum 




Porphyrins 




Spore 




Polyethylene glycol (PEG) 
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Polyacrylate 

Polyphenols 

Poly-butyrate 

Polyurethane 

Polyenes 

Microenvronment 
Peptidoglycan 
Cyclic peptides 
Glycopep tides 
Beta-galactosidase 

Pyranoses 

Pyrovate 

Peroxidases 

Hydrogen peroxide 

Peroxidase/Catalase 

Peroxisome 

Picoline 

penam 

Benomy 

Penicillins 

Butanol 

Butanediol 

Butyryl-CoA 

Butyrate 

Purines 

Glycobiology 

Steric effect 

Tartrate 

Recombination 



oI£j">U jX-...J\ 



f 



j I J- 5"^ 

lj IS" I y I j j*j 

(J JJ Ij^j 
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Meiotic recombination ^Ua^Nl 

Double cross-over recombination for !o y]| Jlo^'V ^jjjil ^yJsliJl 
allele replacement recombination 

Genetic recombination j*J-\ i__J5lJl 

Natural recombination ^jtJJl (_^JS*bJl 

Homologous recombination jl JiUdl jl «__-ilx3l 

Double cross-over recombination ^j^'y (jj^) ^yJ^Li" 

Single cross-over recombination :> yL« ^Uaj" jl y^L^ 

Tagging ^ j, t ^_ib 

Biodegradable iSy~- dKi j JS't 

Tyrosine j y_k 

Ionization ^Ul 

Reciprocal JjLj 

Gibbs energy dissipation ( _ rr ^- ^ iSUaJl 

Site-specific transposition jjlsJ.1 ^Sjll ^ JjJ-JI 

Staining ^jL- 

Sporulation £.^1 

Mutant complementation cA yikJl iL^Si »hJ 

Switch to J_^j 

Chromogenic Jj^Ju Sjll J ^ 
Heterotrophic 

Feedback inhibition ^lij^l .k-tJl 

Carbon catabolite repression oy^\ oLS^ kJtdl 

Catabolite repression ^jLJI Ja-J^Jl jl ^» 1 ^ 

Catabolic repression -jLgJl cjLUp k....t' 

Empirical ^£ 

Deep vein thrombosis Lp ji\ j .kU 

Stimulons *S oli otfj^o ^J- 

Regulons ii yui^ Jw- oli olijj-o 
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Gene fusion 




^3 — ^ijL-J^I ^U-jJI 


Substrate concentration gradient 




Metabolic fingerprinting 






Food allergies 




<u-^L*«^-l j\ ^j. ■•t^j 1 


Incubate 






Lysis 






Proteolysis 






Elemental analysis 






Analysis of the proteome 




Glycolysis 




Regime analysis 






In silico analysis 






In-silico analysis 






Hydrolysis 






Multi-variant analysis 






Self-tolerance 






Tern over 






Conversion 






Shift 






Biolistic transformation 






Transformation 






Integrative transformations 






Cell transformation 






Fungal transformation 






Oxidative conversion 






Biotransformation 






Transformation genetic 






Pentose phosphate shunt 






Hexose monophosphate shunt 
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Clearance iJidl t( _ r aLidl 
Fermentation 

Leavening ^^2- 

Parameter estimation ^X^S ~j ^Jl 

Interferences (j^^) o^Ijj 

Genome management and analysis "-U^j 

Gradient ^jc 

pH gradient U>yJ~\ i^j* ^ ^jS! 

electrical gradient ijkst^ gyJJ 

Crawn gall Oj-dl 

Flux ji_dl 

Metabolic Flux o^^' 

Outflow £jUU jj_dl 

Inflow J-^ 1 ^ 1 JiJisJl 

Glycolytic flux ^SLJl J_U jL^ jij; 

Diazotization jsi^l 

Master cell bank hierarchy <i ^ y 

Accumulation ^51 j 

Transketolase yuS ^Jl j 

Glycosyl transferase Jjj ^SL^UJl 

Transcriptome » y^jSLJl y 

Turbidostat oL. 

Diterpenes jjLiil cjLo^JI 



Translation 



Frequency of transcription initiation 5_L^ ?1ju»1 jj y 

High frequency = Hfr JU jjy 

Immunoprecipitation lw^I 

Ultra filtration issli ; t jjti ^iy" 

Filtration Sydit^-Sy 
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Standard composition 

Anabolism 

Concentration 

Titers 

Synteny 

Gravitational acceleration 

Western blot 

Signal sequence 

Pro-sequence 

Genome sequence 

Complement cascade 

Upstream activation sequence (UAS) 

Upstream repression sequence (URS) 

Normalize 

Cross-linking 

Forward angle light scatter (FALS) 

Right angle light scatter (RALS) 

Cleavage 

Fragmentation 

Formation 

Isomerization 

Clarification 

Alignment 

Solidification 

Enantiomers resolution 

Directed or hybrid biosynthesis 

Microfabrication 

Autoradiography 

Video/Photomicroscopy 

Formulation 



j-JU-jj 4AjjJaj L y>JaiJl 

^1 J-Ju-xJl 

£3 jil <JpI ^ iaJu J..,...L,.,.j 
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Replication 

Multiplicity of infection 

Autonomous replication 

Amplification 

Site direct mutagenesis 

Insertional Inactivation 

Somatic mutation 

Point mutation 

Clinical development 

Chain elongation 

Primer extension analysis 

Differential Interference Contrast 

Phase contrast 

Expression 

Gene expression 

Localized expression 

Anchorage dependent 

Transfection 

Poly unsaturated 

Polyploidy 

Genetic modification 

Post-transcriptional modifications 

T-cell antigen-specific recognition 

Half-inactivation 

Deactivation 

Sepsis 

Model's complexity 
Fed-batch feeding 
In vitro packaging 



A3; Ll (jljJl i_ipUaJl 

j ijuLl ^ DNA ^ i*Jai ^jjj j^e^" 

a] L . J I ^jjjiaj 

^U; 
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Microencapsulation 
Hyper-variability 
Redox half reaction 
Forward reaction 
PCR 

Backward reaction 
Ag-Ab interaction 
Bayer-Villiger reaction 
Anaphylactic shock 
Redox 
(3-oxidation 

Oxidative phosphorylation 

Substrate-level phosphorylation 

Photolithography 

Assembly reaction 

Fuelling reaction 

Immunodiffusion reactions 

Functional cross-reactions 

Intercept 

Cross-Over 

Site-specific cross-over 

Biotechnology 

Glycobiotechnology 

DNA array technology 

Minimizing the sum of squared errors 

Enrichment techniques 

Electrofusion techniques 

High throughput technologies 

Two-site ELISA 

Directed evolution technology 



Bayer-Villiger y> J^Li 

0 yL~/lJl_J SJ—S^I Cj^U-Uj 

aJ jMI jI jil j_j a (J* o jji ill Cj^tUj 

AjdsUia <LiJi_j Cj^U-Uj 

SjJ^ £jl ^jj I JL/2J jl ^JsUj 

a~>-_jSL">UJI aj ijLiJl 
DNA Jl Li' 
IkiLl £yty ^y^r (jy^ 

aJUj^^I ^UjuVI oLJ 

oli ELISA A,;„aj 

A>- yW j A_iij 
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Genomic 




i iuw t/yuuiuiCLiy 


- Mi ,1 -Mi | r - 


Immobilization 




Protein aggregation 




Aggregation 




Cross-linked enzyme aggregates- 




CLEAs- 




/\cynon condensation 


*l 1 c <Ctl - M >C-U 


Catabolism 




Complementation 




Genetic complementation 




Complementation of defect in the 




cloning host 




Genetic manipulation 


j| , Jl i J-i-l i 


Micromanipulation 




Flocculation 


j Ij; 


Inoculation 

111 V/\. LI 1 CI Hull 




Telithromycine 




Cell-to-cell contact 




Differentiation 




Cell elongation 




Modeling exercise 




Gene disruption 




Tinm nni Qatinn 

±111111 11 111 O Cl 1 1 V.' 11 




Xenoimmunisation 




Alloimmunisation 




Osmolarity 




Transduction 




Cloning 




Permeabilization 


djs^viLj jl o-XaLo Lj*>^-I J-*-^ ^-w^i 
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Endogenous respiration J=~l-^ {J ~^\ 

Bioprospecting t£j^-\ 

Necrosis j^SoJI 

Cardiac muscle necrosis ALvit- ( y^") j 

Biodiversity cijr 1 -' 

Sinusities >- J j~rl ^W^l 

Japanese encephalitis J^LJl ^UjJI ul^sJI 

Bronchitis oUill ^-jL^I 
ST Louis 

Hybridisation ilr^^l 

DNA hybridization DNA Jl {#>f 

Plant breeding ^jJJd\ cjLJI 

Mass balances J^Jl jjly 

Balance of degree of reduction Jlp^Nl ojl y 

Wine stabilization JLdl *l y ojl jJ 
Mass Balances for ideal bioreactors Jlill <^jJ-l Jpliil ^ J^Jl c^Ujl y 
Tension 

Dissolved oxygen tension , >lJi1 jf J»ol1 y^: 

Surface tension ^kJl^yJl 
Radial flow rushton turbines 

Rushton disc turbines j jj ^ y cj\i*>jy 

Upward-pumping axial flow turbine <JL j[\ ^ jy>l\ 

>i J! 

Trans-esterification J^ldl ^byLl ^jjJ 
Optimazation J-^i'Vl J-I_jjJIj Ji/Vl ij^kJl jjj> 

Special combination i^U- SiJ y 

Tetracyclines oLKjUI j^JI 

Monoterpenes iab-Vl 

Triterpenes SJ^Wl ob^^-Jl 

Terpenoids oIju#ij-; 
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Tyrocidins 

Tylosin 

Constant 

Dissociation constant 

Temperature-stable 

Km 

Dielectric constant 

Normal chemical rate constant 

Thymine 

Thioester 

Thermostability 

Thrombin 

Threonine 

Electroporation 

Triacylglycerols 

Lysyl residues 

Residues 

Diisocyanates 

Dimer 

Bicyclic 

Bisacrylates 

Diploid 

Dimethyl sulfoxide 
Cell wall 
strand 

Antiparallel strand 
Conserved strand 
Aquaphilicity 
Hairy roots 



(^Jl ^Jl S J Lai I <JL>JL^-I 
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Graphite 




Outlet flow 




Supernatant 




Fc region 




cell fraction 




Circular DNA molecule 


^yiL- - j DNA ngjs? 


tRNA 


JiUl RNAJI 


Single-chain precursor 


aJ 1 1 1 Jus- « v aJLJl ciC 'J-l 


Ligand 


iajlj ( Ij.'^jj ^jjJbo 


Macromolecules 




Callus 




Antibody 


I 


Antibody isotype 


L*Udl jUII 
u (■ 


Golgi body 




Particle 




Transducing particles 




Viral particles 




Reinforced core particles 




Anthrax 




Translocase 




Capillary 




Fluorimeter 


3 i JlxJI iL£j>- 


Guanine 




Core 




Gelatin 




Gellan 




Operator gene 




Gene 




Structural gene 




Pseudogene 
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Reporter gene 

synthetic gene 

Selectable Marker gene 

Reporter genes 

Mobilization genes 

Regulatory genes 

Acid genes 

base genes 

Anti sense gene 

Virulence genes (Vir genes) 

Antibiotic-resistance marker genes 

Genome 

Bio-geochemical 

Respiratory quotient = RQ 

Native state 

Chemostat 

Hyphal 

Lysogenic cycle 

Hydrophilicity 

Beads 

Sepabeads 

Granularity 

Pumice stone 

Compartmentalization 

Organelles 

Bacteriostatic 

Double index 

Kinetics 

Pharmacokinetics 
Product formation kinetics 



j~jc\S o^Lyfl^a oL?- 
^ ^Uail iajUl 

*U*_«]p A^Lvcl a\^£>\s>- 



1> 



Sepa ol~>- 



jj-l 
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Darwanian optimization algorithm 

Algorithms 

Ecologically sensitive 

Trichoplusa ni 

Hops 

Measles 

Biocatalyst 

Pulse naturtion 

Naturation 

Oscillating electric field 
Cell lysates 
Supercoiling 

Heterocyclic amine 
Modeling cycle 
Lytic cycle 

Pentose phosphate cycle 
Tricarboxylic acid cycle 
Cyclic diphosphoester 
L- Aspartic acid 
Amino-adipic acid 
Pyruvic acid 
Acetic acid 
Fumaric acid 
Clavolanic acid 
Lactic acid 
Malic acid 
Formic acid 
HC1 

Itaconic acid 



(jjjljJl ilia Ml t-jl— >- 

c> Li L» 

4_^Li!l jill 0.5 Jj 0 jJ^>- 

UaJ-l 

^..^ . > ^-j jJ_^Ij ^gj'-.WII ^J5LiJl ^> 

iLlvfMl L^ji—Js SiljC^I I L^jt_Js ^Lp JiUi-l 

i Lr a^- T i\ ^ J-e- DNA Jl oUJl j 5JjJl^- 

^iUJMl 

i>-J_<Jjl 4jLb>- 
2j")l=-Jl 4jLb>- 

J......5' _jjjS^I (j^* " t ^ s ~ 

^jLj ^ .. 7 ....ilj.a....i ^3 Jajlj ^aL>- 
L- vilJjL^Ml L yz^' 

t^L^oi ^~«*yi ^j,^?^ 
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Propanoic acid 




Butyric acid 




Succinic acid 




Unsaturated fatty acyl 


L' ■'• V ^ 


Saturated fatty acyl 




Gluconic acid 




Aden virus 




Epitopes 


/wl *>■ 

1 


Pharmacophores 


ajJl JL^laM . Lai o- 


Protein carriers 




Microcarrier 




Endosomal vesicales 




Vacuole 




Lactating animals 




Dairy animals 




Transgenic animals 


LjI ) 9 3 ) aJ>tll tOLjl a-J^I 


Monogastric animals 




Extracellular 




Extrachromosomal 


a a^*i 9 >S0 1 **P ^- > " 3^*" 


Exogenous 




Delayed release feature 


p, JaJl J!5U»VI 


Metabolic bottle neck 


I— r - 


Similium 


• ■ 


Physical map 




Restriction maps 


4j^va>- Jajl 


Transcriptional maps 




Output 




Refraction properties 




Rheology 


jJjL-JI lm j £ 'Jj i \ Ja**ijJl OLj ^-u ^j^ajLygp" 


Clonal cell line 
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Cell lines 
B-cells 

Macrophages 
T-cells 

Activated, CD4-positive, T-helper 
cells 

Primate neural 
Epithelia cells 

Antigen-presenting cells (APCs) 

Neutrophils 

Dendritic cells 

Transformant 

Mid-gut cells 

Myeloma 

Parental myeloma 

Permeabilised cells 

Embryonic stem cells 

Somatic cells 

Germ-line 

Prokaryotic 

Eukaryolic cells = eukaryotes 
Resting cells 

Baby hamster kidney cells 
Chinese hamster ovary cells 
Hybridoma cells 
Phagocytes 
DNA shuffling 
Daughter cell 
Parent cell 
Pre-mix 



iiiill 5JLC-U.I +CD4 ijShJI L^ki-I 

aJUl iiaJl L>=M 
jVpdJ iDNA Jl cil: ^Jl Sj_pil LOU-I 

4.,:..,.v>- A-p ji>- l>^i>- 
iJjl oljJ olS L.*>\-=- 

iJLis- Si y vJ^ljS L">1=- 
4^ Jabdljl DNA Jl -kU>- 

/VI iJJ-1 

UL)L~* ^yg^ Ja*L>- 
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Pentamer 
Scurvy 

Type I diabetes 

Filarial 

Gout 

Hemophilia 

Daptomycin 

Phytoalexins 

Input 

In vivo 

Intracellular 

Buffer 

High-shear impellers 

Low-shear impellers 

Impeller 

Function 

Dioxygenase 

Diols 

Dienes 

Pre-clinical studies 
Proteomic 
Metabolomics 
DNA Sequencing 
Higher-order aggregates 
Order 

Degree of reduction 
Entropy 
Homology 
Codon bias 

Carbon conversion coefficient 



Js jjjjL^y] e-b 

J^Ull »b 
jipbJl *b 



'Lr- 



IJJI 



Ji-b 

JUJl iJlS^Ml oUib 
(J aiiJ.I iJK^Nl ob ^UsIjJI 

(s ^1 ll) iiCJlSUl iuiljJl 

iJb 

DNAJI U~U_DNAJI JJLJi-ljj 

4jl..t.,'JI <U-_p 
0 ylJtJl jLj*cjI Aj>-ji 
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Well-defined 
Index 

Therapeutic index 
Peripheral blood 

Non-steroidal anti-inflamatory drug 

Pharmaceutical 

Spinner flask 

Spodoptera frujiperd 

Autographa californica 

Global carbon cycle 

Light-dark cycle 

Turnover 

TCA 

Erlenmayer flask 

Shake flask 

Doxycyclin 

Non encapsulated 

Depsipeptide 

Nematode 

Decarboxilase 

Decane 

Cyclodextrins 

Digoxygenin 

Thermodynamic 

Dihydroxyacetone 

Autotrophic 

Photoutotroph 

Drosophila melanogaster 

B-cell repertoire 

Chemiluminescent 



5J si 



<LiLLi-l CjLo^^— jJl 

Ji-I iLi 

L* 51 ^ 5 ' J* 1 ^" J J 
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Polyunsaturated 




Bioactive 




Constitutive 




Fusion tail 




Poly A mRNA tail 


RNA JJ (j^jVl jJuo Jji 


Isopeptide bond 


AjJ_J~jj^j) aIsjIj 


Disulphide bond 




Epoxy resins 




Resins 




Racemic 




Agonist 


A^jLio JajLij 


Antagonist 




Tetrapoid 




Tetrahydrofuran 




Tetrasccharides 




Covalent binding 




Lepidopteran 


A^-sJj^^I Aj-Lq^- A^jj 






Pulsed-field gel electrophoresis 




. 1)1/ • i - > 




Two-Dimensional polyacrylamide 








Sodium dodecyl sulphate- 


SDS ^ _Us%^s1Jjj ^t>U ^ ^jjL^^ o^V^j 


polyacrylamide gel electrophoresis 




(SDS-PAGE) 




Allergic response 


LS ^ J* 3 J -J 


Packing 




Endonuclease Mapping 




Alkalophilic 




Transplant rejection 




Down pumping hydrofoil 


jjj-^ c>li <LjL> oLiLij 
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Chip 

plasma resonance 

NMR 

C13-NMR 

Robotics 

Ribose 

Ribonuclease 

Reductase 

Washed out 

Xylose 

Controlled pore glass 
Sub-cultures 
Microbial Cultures 
Pharming 

steady-state continuous-cultures 

Cell Culture 

Xenotransplantation 

Human serum albumin 

Scale-up 

Zithromax 

Xylan 

Xylanase 

Essential oils 

Molasses 

AIDS- associated Kaposi sarcoma 

Salicylate 
Subtilisin 
Streptogramins 
Citrate 



is IS j 

13 0^jj5UJ ^ J-> Ljd I yS\ y\ 



Jlj 

Ij 0 y>:.. II Apljjjl 

is-Lil ^^Si iaj*>LL iiil jjLJ ^jjL- 

^■■■..■.■■"fxll 

^*>\ i L^ 
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Sterol 
Steroids 
Pipetting 
Colorectal cancer 
Growth rate 

Biomass specific conversion rate of 
compound i 

Specific conversion rate of compound i 

Tangential Flow 

Inert 

Glycan 

Glycosylation 

Sucrose 

SH-sugars 

Polysaccharides 

Succinate 

Succinyl-coA 

Side chains 

Oligonucleotide 

Strains 

Gram-negative 
Sequencing 
Protein sequencing 
Heavy chain 
Light chain 
Nucleotide sequence 
Automated sequencing 
Electron transport chain 



CjI Juj j ...". \\ 

i ^JJ 

Jjillll 

.A. j5 ^J-w-w.-.^rf-* 1 

iLiiJl aJ.....1..J I 

iivii-l il 1 !l 

iijj j-ISLJl 5J 1 1 1 
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Respiratory chain 


(, -..avJl aJ L-) o 9 UJ a) L- 


J-chain (joining chain) 


r 


Alkyl chain 


LSJl aJ L- 

u - 


H 2 S 




Sulphonamides 


Cj|j~ol o til II 


Sulphite 




Salmonella 




Immunotoxins. 


"Lc-Lil p ^ 1 1 


Toxicity 


A~o. 1 1 


Human body fluids 


C ■ lt j~ 


Pseudoplastic fluids 


APjUail iijlj Ail 


Super-critical fluids 


a?- JjI j_JI 


Excipients 


oLpI j II 


Sorbitol 




Somatotropin 


O 4 W 4jLo a. 1 1 


Cytoplasm 




Cytosine 




Sitosterol 


0 0 mmW) ft. W 


Serine 




Sesquiterpenes 


ol^u£™Jl 


Sigmoidal 




Sepharose 




Cephalosporin 




Caphalosporin C 




Cephalosporium 




Cephem 




Cellobiohydrolase 




Silicates 




Silicon 




Profile 





1 108 



Tryptophan synthetase 
Synthons 
Thiosulphate ion 
Control 

Endoplasmic reticulum 

Semi-synthetic 

Isocitrate 

Fatty acyl triester glycerol 
Fv fragments 
Fragments 

ScFv (single chain Fv fragment) 

Antigen -binding fragment/Fab 

Crystallisable fragment (Fc) 

Proteolytic fragment 

DNA fragment 

Corn steep liquor 

Liquor 

Avidity 

Laboratory containment conditions 
Mild conditions 
Replication fork 
Malted barely 
F pilus 

Redundant codons 

Codon 

Start codon 

Stop codon 

Genetic code 

Translation start codon 

Morphology 



jjJ^fl aSL-zJI 



Fv cJwLi 



aLJl«J| q3 yd\ Fv 

Fab 

(Fc SjjLdl ijj-iJI 
DNA <-y>- t DNA t DNA ii _Li 



1 J~*-**> 
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Topology 




a-helix 




Chitosan 




Fluorescent dye 




Chromosome 


^j^j^jjS — ^^w" 


Osmotic shock 




(3-sheets 




Phenotype 


ysiliaJl ia-^jJl i^jlil-l dJiSLtJl CjU-aJl 


Non-segregated 




Platelets 


\ 


Viral plaque 




Microtiter plate 




Pharmaceutical industry 




CT-box 




TATA box 


1 "M . ft * \ * ^ 


MHr Hass T and Hass TT 


a— *_) 1 CLO 11 L. a— 1 1 g 1 *j_w^2_-i 






Sub-class 




Ploidy 




Selective pressure 




Osmotic pressure 


C 


Back pressure 


. j Jajwi 


Eugenics 




Scattered light 


-/ 


Narrow spectrum 




Robotic printer 




Standard enthalpy of formation 


ijUil (^J&l) UJ-IjJI CjiJ &}\ iiO> 


Enthalpy 




Standard Gibbs energy of formation 




Reducing power 
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Regenerative medicine 




Biomedicine 




Lytic nature 




Microalgae 




Centrifugation 




N-terminus 




Natural Gene Transfer 




Operation of bioprocess 


6. 1 -V. 4 1 a ■ 1 1 I i " "i d 3 1 « 


Insertion mutation 


id a 1 ft 1 l ** J 1 fl i-5 


Single-site mutations 




Oli pormcleotide-di rected 


ill ,. • " .1 , _ a. it) • . « , " n ri l-> 


mutagenesis 




Auxotrophic mutant 




Diagnostics 




Lytic phase 




Exponential phase 




Lag phase 




Dormant phase (G 0 phase) 




Stationary phase 




Gl phase 


I C. r ~j3S>Cj\ ) aiaJI~ J a -Jl iul^gJ ) al? 


Attapulgite clays 




Interfacial phenomenon 




Steric hindrance 


>l -ill -jUJI 


T-nha pes 


T <Jl*Jl 


Pronha f?e 


ilfto 1 alii ■ J.ilfi 


1 ClllLJldlC 




Granulocytes- colony stimulating 




factor 




Insulin-like growth factor-I 




Blood clotting agent 
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pH-controlling agent 


, iJLjJI Jl Ja o ULp 

- • - c \ -J ■ u 


Oxidant, oxidizing 




Reducing 


J pi .UIp 


Co-factor 




Anti hemophilic factor 




Transcription factor 




Epidermal growth factor 




Double cross-over 




Pulp 




Inhomogeneity 


cr- ■ \ 


Infection 




Polysaccharides 


S-UUll J.I cjL ,5LJl i Jj iLSLJl cjIJjJ^ 


Polyketides 


xLuSCJ jj t cjI-jLjLuSJI cjI-LjAp 


polyhydrosis 


( j~^jj_L^J| k__)ljj.U- 


Polypeptide 


J...". II SJjJ-P 


Mutant isolation 




Isolates 




Syrups 




Cytosole 


*~*JJJ~Z -Jr .^-i— ' 


Turbulance 




Bacillus 




Micro organ 




Observed yield 


Ji^^l *Ua*Jl 


Yield 




Aromatic 




Beads on a string 


Ja_=- , Lp CjI =- J14P 


Streptococcus pneumoniae 


Ajjj _jl AjJjUjI 


Streptococcus pyogenes 


is^jill 4j_UjJI 


Gene therapy 




Germ-line gene therapy 
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Phylogenetic relation-ships 

Algebraic relations to calculate 
Stoichiometry 

Linear relation 

Capsule 

Molecular biology 
Microbiology 
Systems biology 
Genetics 
Crystallography 
Small scale 
Generation time 
Energy currency 

Somatic re-arrangements of the genes 

Metabolism 

Signaling 

Bioprocessing 

Microbial process 

Downstream processing 

Anabolic processes 




jjj s-Uj <JlJ LU^f- 



Polyadenylation 


SjJud.1 ilb'Nl 




Oxphos 


o jA aJl_j oJ fVl 




Crystallization 






Gelatinisation 






Liquefaction 




<LL>^- 


Cultivation 






Passaging 






Splicing 






Methanogens 






Maceration 
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Brewing 
Glcolysis 

Submerged fermentation process 

DNA repair mechanism 

Reverse glycolysis 

Sparging 

Denitrification 

Gluconeogenesis 

Single Stereospecific hydroxylation 

Column of Sepharose-Glutathione 

Generic antibiotics 

Gene clusters 

Muscat grape 

Separation factor 

Infectious agents 

Transposon 

Galactanases 

Adrenal gland 

Screen for 

Primary screening 

Secondary screening 

High-throughput screening 

Griseofulvin 

Fibre wet-spinning 

Cell membrane 

Cytoplasic membrane 

Semi-permeable membrane 

Hyphae 

Aminoglycosides 



o aJ-o^ 

DNA JJ ^LaJ l±»j^ 

j^«Jl A^-l^P 

c- j ; !l a >-jJ> $ Si « aJ <» p 

A-i^l yjJl 

0 A^lp ^yalll ^jL«J| ^j^»_P 

ohJ^I (^^) JlJ^ 

J^j j.,<?'.p 

Ojj^-«-'l — aIaI^j 4_ol jj A«l j^- 

Sj_^a£!l SJLiJl jl Ja&l SJi- 



jlj aJj 



>bNl iJU aJu> 

ji — > ^/*-Sl 

<_J=^i J>Ji 
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Glycoproteins 

Glycosynthases 
Glycohydrolase 
Glyoxylate 
Glycerol 

Surface immunoglobulin 

Membrane-bound surface 
immunoglobulin 

Immunoglobulin 

Glutathione 

Glutathione-S-Transferase 

Glutaraldehyde 

Glutaryl cephalosporins 

Glutamine 

Glutamate 

Glucans 

Glucoamylase 

Glucose 6-phosphaste 

G3P Glyceraldehyde 3-phosphate 

Non-covalent 

Undifferentiated 

Non-limiting rate 

Irreversible 

Blunt 

Blood group 
Bacteriophage 
Vancomycin 
Shelf-life 

Fructose 1,6-bisphosphatase 



oLL* j3— 6 j j5" jIp 
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Shoots 


(J J" 


Phosphorylation 


i r a....,J 1 


Physiology 




Fungi 


M 


Filamentous fungi 




Dermatophytes 




Potency 


iJUi 


Carboligase activity 


0 ^j^^JLj -kjj iJUi 


Water activity 


ioU iJUi 


Aplastic anemia 




Flavonoids 




Flavin 




Transition metal 




Flouroquinolones 




Phleomycin 




Phenylalanine 




Vinyl pyrrolidone 




Vinyl alcohols 




Formamide 




Formate 




Formaldehyde 




Pentose C 5 Phosphates 




Tetrose C 4 Phosphate 




Phosphodiester 




Phosphoenol pyruvate 




Phosphotyrosyl 




Pi(Inorganic Phosphate) 




In-frame 




In vitro 


c? 5 ^jrW-jJl J 
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Downstream 




— (oiJ^- dJaJLJ (JIj) j-Lo ^5 


In situ 




*J ail j I, L-f U-*-v i <v> J 


Upstream 






Phytoanticipins 




1 - ll • " >1 j" t*1 


Virginamycine 






Hepatitis viruses 






Respiratory syncytal virus 






Vaccinia virus 






HIV 




Bomyx mory virus 






Sandia virus 






Cauliflower mosaic virus 35S 
(CaMV35S) 






Multiple nuclear polyhyrosis virus 


^j. "J j J ■ g ll CjIJj-Xp lJutJLa f^J JJ ^J^J 


Arbo viuses 






Budding viruses 






Legionella 






Time-lapse movie 






Femtograms 






Phenanthrene 






Phenoxy acetic acid 




Ji-l ^j~Sy4 


Substituted phenol 




Jaj: Ll J j^-ill 


Phenylpropanoid 






Phenyl acetic acid 






Fumarate 






Fumarase 






European inventory of exiting 
commercial substances (EINECS) 




0 jil _jlll 4jjU*JI jljil j__^>- 


Replicative 






Saccharide acceptors 
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Feasibility 
Schiff base 
Rule of thumb 
Matrix 

Toxic substances control act (TSCA) 

Logistic law 

Totipotency 

Extrusion 

Proofreading 

Fraction 

Microprojectile bombardment 
Functional domain 
Globular domain 
Domains 

Transmembrane domains 
Electrode 

Diversity segment/D-segment 

J-segment 

V-segment 

Fluidized bed 

Nucleocapsid 

Neutropenia 

Oligosaccharides 

Cellooligosaccharides 

Peak 

Roller bottles 
Data bases 
Genetic databases 
Nucleotide bases 




D -ijJaiil / SjJai 
4j<Ja5) J -4j«Jai 
V-^Ukijl 
JlJ.1 yO)l 
ol «* ■/? ■ a 8 

-Luj Ja;l j jj ikjl ^lil 4jj jj j-L-JI jiv~Jl CJ*>Lli 

cjULJI jlc-I Ji 
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Substructure 


f " 


Proton motive force (PMF) 




Block/sheet moulding 




Van der Waal forces 


van der Waal ,c J 


Shear forces 


I>- 1 / C *J 


Amperometric 




Luminometry 


/ C Zji al^J* aJ — -J a-*/2jl LJjJ 1 


Spectrometry 




Mass spcetrometry 


L _ s iJaJl 1 ^Lis 


Mass Spectrometry 


^■IjiI *lu501 


Measuring yields 


t 1 1 1 - 
(J ^y3j>JJ 


Simple photometric adsorbancy 




measurement 




O LVJlV^lllVJlllC LI y 






11 i- ti t \ MY \ \ a 1\ - ,1-MCII 


I— Ticrnf^r pn lr a rvrttpc 


-1 . ti ; - - ; ri ti - .l-MCtl 
01 a^JI <*A*0J>- <U3 1 Jl 4 'UjOOI 


JVllCOUlOld 


&L*_« jfl J o jj>- 4_^t_wJaJI <u^j>J.i ^_jU_iL>Ji 




/ C **>-l Ja**» Jl Jo) 


Extremophiles 




Surrogate host microorganism 


aJu -Xj *t ■ ■ /*? a A * j ^ ^ >. " j LS" 


GM microorganisms 




Geneticaly modified organisms 




Repressor 




Carbamate kinase 




Carbovir 




Carboxypeptidase A 


A jlJLi Sj^l&l 


Hydrophobic 




Carotenoid 


Jj jjL&I 


Expression cassette 


^dl cutis' 


Cassetes 


Lulls' 
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Camphor 
Chitin 

Immunosuppress 
Myelosuppression 
Ammonium sulphate 
ZnS 

Cell capsule 

Catalase 

Biomass 

Cell density 

Optical density 

Phenyl ethyl alcohol 

Carbapenems 

Carbohydrates 

Hydrophobcity 

Crotonase 

Affinity chromatography 
Gas chromatography (GC) 
Chromatin 
HPLC 

Yeast artificial chromosomes (YAC) 

Bacterial artificial chromosomes = 
BAC 

Clarithromycin 

Clavams 

Chlorination 

Chlorotetracyclin 

Gluconate 

Human embryonic kidney 




y6 



4j A*«wW ^J5" 
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Molecular weight marker 


LJT~S • ~ ■ J 


Kanamycin 




Reactive reagents 




Diagnostic agents 




Bifunctional reagents 




Carrageenans 




Cortisol 




Cosmid Vector 


. L5L3 JL*j ^5" 


Collagen 




Keratin 


-SOI 


Chiral 


LJl ^ JpLi« _ p <. Jl ^SCJl 


Kilo base pair (kbs) 




Harsh chemicals 




Fine chemicals 




Bleaching chemicals 




Chemotrypsin 




Immunocyto chemistry 


<->bil Ajjii-I *L*>-£JI 


Agrochemical 




Clinical chemistry 


A,...,]o \ \ s-L^SUl 


Kinase 




Entities 




Immunoadhesins 




Lactate 




Lactams 




Lactose 




A pptvl 1 a rtriQamitip 
/vv^c l y 11 civ lvjo aixuux/ 


• AM ' -<NlU 


Lacton 




Lanthionines 




Facultative anaerobe 




Wood pulp 
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controls 




Cell cytosmears 




Smear 




Diphtheria vaccine 




Tetanus vaccine 


J r c 


Lyme disease vaccine 




Retrovirus vaccine 


- • j- ( 


Cluster designation (CD) 




D-amino-acids 




Leukemia 




Hairy cell leukemia 


L£UU U/^J 


Lipase 


jU 


Liposomes 




Lysozyme 




Lignan 




Lignin 




Levofloacin 




Fibrin 




Lycopene 




Lymphocytes 




B-lymphocytes 




Non-hodgkins lymphoma 




Indicator 




Marker 




Affinity tag 




Molecular size markers 




Biomarkers 




Limiting substrate 


iJjS/l .alii 


Substrate 
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Primers 




Denaturant 


Cr 


Recombinant 




Macrolides 




Malonate 




Malate 




Mannases 




Mannans 




Immune donor 


c 


Donors 


cjL>JLo 


Mannosides 


— ^_7^ 


Mannitol 




Mycelium 




Mycoplasma genitalium 


f jrr ... j .j- - 


Conservation principles 




Ion exchangers 




Spacers 




Hyperglycosylation 




Herbicide 




Tandem 




Homologous 


u 


Overlapping 




Chlamydial 




Cohesive 




Multi-meric 




Polyactide-polyglycolide 




Relapsing-rimitting (MS) 




Polyacetic acid 




Multi-phase 




Heterogeneous 
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Heterologous 




Reactants 




Autoreactive 




Fluorogenic 




Mitochondria 




Degenerate 




SARS 


Sali-I a.:.:M 


Complements 




Reproducible 




Proportional 




Recessive 




Cytostatic 




Osmotic stabilizer 




Stabilizers 




Inhibitor 




Fungioststic agents 




Allergens 




Methyl 




Population 




Probes 




Lyophilised 




Culture collections 




Linkage group 




Sulphydryl group 




Haemotopoetic growth factors 


i»jJl OlxJ^O a^>_) Lol op B^>_^ 


Bright field microscopy 


—ail UJ-I 


Light microscope 




Confocal microscopy 




Simulation 




Hyper-thermophilic 
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Hydrophilic 




Thermophiles 




Psychrophilic 




Halophiles 




Piezophiles 




Acidophiles 




Alkaliphiles 




Elicitor 




Biotic elicitor 




Abiotic elicitor 




Inducible promoter 


o ,* ^SLo-j / C J 1) ^- — '-A^dJ L li d ^ 


Yield of biomass x on compound i 


i ^-5 jil x ikS^Jl iSy*a£- 


Promoter 


U . 


Positive effector 




Conserved 




Deletion 


J* 


Transgenic 




Periplasmic space 


,.Udl ^;">UI 


Transcriptional reporter 


J*— 


Outlet 




Working stock culture 




Flow diagram 




Surfactant 




Lubricants 


dlSi^U iliidl 


Chelators 




Plant wastes 




Bioremediation 


ij-J-l Si jl-dl 


Inlet medium 




Inserts 




Complexity 
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Non-aqueous solvents 

Micelles 

N-linked 

Tropophase 

Morphogenesis 

Idiophase 

Rotary vaccum filter 

Boving spongiform encephalopathy 

Haemolytic disease of the newborn 
(HDN) 

Creutzfeldt-Jakob disease 
Coronary angioplasty 
Broth 

Immune complex 
Analyte 

Transcriptional complex 
Unprotonated compound 
Intermediate compound 
Glucocarticoids 
Reference compounds 
Procursor metabolites 
Diazo 
Precursors 

Multi-enzyme complexes 
Metabolites 

Center for drug evaluation and 

research (CDER) 

Tufits 

Origin (of x, y-axis) 
Plant tissue culture 



N 



y 
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Perfusion cultures 
Suspension cultures 
Explant 

Double stranded 
Batch culture 
Fed-batch culture 
Continuous culture 
Master frozen culture 
Submerged culture 
Oxygenated 

Labeled DNA or RNA probes 

Cross-sectional area of the 
downcomer 

Free flowing powders 

Ribosomal synthetic pathway 

Non-ribosomal synthetic pathway 

Glyoxylate bypass 

Pentose phosphate pathway 

Catabolic Pathways 

Transduction pathway 

porous 

DNA probe 

Labelled probe 

Effectors of the immune system 

Biopharmaceuticals 

Crude preprations 

Emulsion 

Haemophilus 

Antigen 

Tumour-associated antigen 



ixijJl AS-j'y 
ol-Liil ixijJl ~*£-j'y 

A j j oJvijZ AS- j'yt 

RNA Jl j] Jl DNA ^, '^y^ r 



(^-ScJl) ^J^Jl ^j^ajVl CjIjLw> 
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Colonies 

Receptor 

Fc receptor 

Secondary metabolites 

Denaturation 

Solid support 

Differential Controller proportional 
integral 

Human Genome Project 

Teratogenic 

Enantiomer 

Array 

Microarray 

Serum 

Antiarythmic 

Anti thrombin III 

Alphal-anti trypsin 

Anticholinergic 

Antibiotics 

Parent antibiotics 

Food additives 

Organic supplements 

Fluorescent 

Host 

Aspects 

Regulatory and safety aspects 
Linear rate equations 
Rate equations 
Differential equation 



^bdl J*l&)1 J^LkJl 

III iL>Jl jU 

1 LaJ I — (^w-i^l iUij 
jS^Jl JjtiJl jLa» 

JiUJl tcL^il 
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First-order differential equation 
Third-degree polynomial equation 
Post recovery processing 
Grid and parallel processing 
Mash treatment 
Coefficient 

Molar absorption coefficient 

Jacket side fouling film heat transfer 
coefficient 

Maintenance coefficient 
Mass transfer coefficient 
Biorefiners 

Substrate maintenance coefficient 

Maintenance coefficient of 
compound i 

Yield coefficient of biomass per 
substrate, incl. maintenance 

Stoichiometric coefficient 

Radioimmunoassays 

ELISA 

Immunometric assays 
Assay 

Kinetic assay 
Cytochemical assay 
Parameters 

Generally recognized as safe (GRAS) 
Calf stomach 

Specific substrate uptake rate 
Dilution rate 
Critical dilution rate 



AiJlijl A^-jjJl J jjJ~\ oJ_L>C^ 5j.il>w 

y.J^ J-* 1 -*" 
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On-rate 

Volumetric formation rate 
Flow rate 

Outlet medium flow rate 
Inlet flow rate 
Volumetric rate 
Off-rate 

Linear growth rate 

Specific growth rate 

Temperature correction 

Net formation rate 

Electron donor 

Antisense 

Suspension 

Cell suspension 

Free suspensions 

Real-time information 

Bioinformatics 

Parameter 

Micronutrients 

Macronutreints 

Encapsulated 

Plug flow reactor (PFR) 

Continuous stirred tank reactor 
(CSTR) 

Batch stirred tank reactor (BSTR) 

Bioreactor 

Basket reactor 

Membrane reactor 

Hollow fibre reactor 



Jj-jd.1 oLji-l Jjjw 
lJ ^JA JjlrII 

LgJ j-yaj>- OJj *J^L« j-b-* 
iLJI J^lia 
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Stirred tank reactor 

Photo-bioreactors 

Batch reactors 

Packed bed reactors 

Air lift bioreactor 

Unbaffled stirred bioreactor 

Phosphorylated 

Mycoplasmal 

Activator 

Tissue plasminogen activator(tPA) 
Plasminogen activator mutein 
Kinetic expressions 
Retro-biosynthetic approach 
Scale down approach 
Approach 

Antibiotic resistance 

Standards and controls 

Biolistics 

Entrainers 

Cardiotonic 

Spectrophotometer 

Micro scale 

Standard 

Rate limiting 

Conservation constraints 

Partition coefficient 

DNA libraries 

Genomic and Gene libraries 

Combinatorial libraries 

Genomic libraries 



(>i) 




DNA Jl cjUS^ 
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Phage display libraries 

Gene library 

Streptococci 

Enterococcus 

Mis-folded 

Pollinators 

Polluters 

Good manifacturing practice 

Adsorbed 

Endothermic 

First order 

Framework regions 

Complementary determining regions 

CDR(l,2and 3) 

Autoimmune 

Passive immunity 

Immunochemical 

Transductant 

Tryptic product 

Pooled blood products 

By product 

Growth connected products 
energy yielding 
Nucleophilic 
Curve 

Primary transcript 
Tonic 

V-region (variable region) 
Detergent 

Negative selection System 



<LJuJl apLII 

C1->L>- J*~~- a 
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Yeast two-hybrid system 

Yeast one-hybrid system 

Reversible 

Rennet 

Knock-out 

Terminator 

Biocompatablity 

Feedstock 

Reagents 

Non-ionic detergent 
Toxin 

Carbon Intermediates 

Metal chelate chromatography material 

Oxidalive stress 

Reductant 

Adjuvants 

intermediate precursors 
Multiple clonning site (MCS) 
Multiple antigen-binding sites 
Replication origins 
Programmed cell death 
Ultrasonic 
Marker gene 

Vector-based antibiotic resitance 
gene 

Protein-encoding genes 

Inherently 

Mediator 

Radiolabeled 

Labeled 



^jJjw 4*j*>U>- Lai ^j^j ^ 3i j- 0 

ioJjcil -Wa^*viLj Jaj ^Jl £j\ 

^> jJ^-l O jp>l 

s ^11 otal—siil <LojlJLo Oj j_« 



^ -w- OJ ^ yA 
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Ribosome binding site 

Repressor binding site = operator 

Activator binding site 

Active site 

Origin of replication 

Transcription initiation site 

Restriction site 

Ectopic 

Origin of transfer = OriT 
Transcription terminator 

Monoxygenase 

Monobactams 

Monomers 

Metabolome 

Methanol 

Methicillin 

Methyl ester 

Methyl tertiary butyl ether 
Mechanistic 
Myxococcus xanthus 
Muteins 

Naproxen 

Products 

Dehydrgenase 

Downcomer 

Reverse transcriptase 

Ripened 

Naphthalene 
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Vector 


,liU 


Expression vector 




Shuttle vector 




Glycosyltransferases 




Nitrate 




Nitrilo triacetic acid-NTA 


(J La LJ V V» 


Nitrocellulose 




Nitrite 


- J~ 


Nylon 


_/ - 


Lump 


4jJJ 


Enzymetic deamination 


L^jyl J^y^l ^Pj-^^ ^Jj 


Molar ratio 


<J jil d.,..,„;J| 


Rate 




Transcription 


c 


Reverse transcription 




Connective tissue 




Clones 




Catalytic acitivity 




Radioactivity 




Semi-batch 




Half-life 




Range 




Mismatch repair system 




Experimental system 




j-^ciccuoii system 




i ransporL systems 


1 ». ti it** 


Active transport system 




Electron transport-coupled 




phosphorylation System = ETP 




Reversed electron transport 
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Denitrifying growth system 
Lipid bilayer systems 
Liquid inlet jets 
Permeable 
Purity 

Inflection point 
Origin ori 

Transcriptional start point = tsp 
Isoelectric point 

Impregnation of a porous support 
Gene transfer 

Direct gene transfer by particle 
bombardment 
Tansglycosidation 
Vesicular transporter 
Mismatched blood transfusion 
Facilitated transport 
active transport 
Wort 

Black box models 

Mathematical models 

Kinetic modeling of Cell Growth 

Gene expression patterns 

banding pattern 

Restriction fragment length 
polymorphism (RFLP) 

Transcriptional profile 

Continuous culture 

Balanced growth = Tropophase 

Diauxic growth 



oLJ-l Ji 

Aj^^A-I oLw/VL DNA 
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Vegetative 
Model 

Unstructured model 

Sub-type 

Secretion vectors 

Transformation vectors 

Integration Vectors 

Phagemid vectors 

Shuttle or bifunctional vectors 

Species 

Wild type 

Verbal 

Specific 

specificity 

Niacinamide 

Nitralase 

Nitrosoguanidine 

Acetonitril 

Neisseria meningetidis 

Nisin 

Nickel 

Nicotinamide 

Nicotinamide adenine dinucleotide 

Newtonian 

Neurosporene 

Nuclease 

NADPH 

Deoxynucleotide triphosphates 



LS- 1 



fcLwO 1.'. « Lj 

s-J-oVl ( _ 5 ~-Vl juUjJLS'j.-jJI 
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Nucleotide 




Nucleosides 




Nucleosomes 




Nucleoid 




Neomycin 




Hapten 




Catabolite 




Aliphatic hydroxyl carboxylic acid 




Hydroxymuconic semi aldehyde 




Hygromycin 




Electrophoresis 


, J Li >a£}\ d^>- Jl t 4JL; nji^Jl fi L>tjJl 


Fl hybrid 


jjSli J4-I (>^* 


Chimaeric, chimeric 




Human growth hormone 


^JLJl j-<^Jl jj» 


Histidine 




Ionotropic gel 




Silica 


ISLLJI p>U 

r 


Hydrogel 




agarose gel 




Halogenations 




Metabolic engineering 




Engineering genes 




Genetic Engineering 




Pathways engineering 


, LpL^JI ol ilws 


Aerobic 




Follicle stimulatory hormone 


^5>xJlS ^jSj*xii 1 0 j^A J g ) I 


Hornblend 


-U-Lo^J a-^J 1 


Genotype/Genotypic 


^jjljj i^f^T bt>j ~ <^~*>- 4-) j-* 


Linearised 




Hydrodynamic 
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Hydostatic (^sltl dj\y) jj-^Jl 

Hydrofoil JjyjjjL^Jl 

Hydrocarbons ^rj-^ j' <j_«^ jjV 5 
polycyclic aromatic hydrocarbons ^jUU-I ^Jjcu ^ ^kp Oy,£ jj a-* 
(PAH) 

Hydroxyl J^jjO^I 

Hydrolase jM 

Histones ol 

Hexadecane jlSColjSL* 

Hexokinase _^lSj__SL* 

Broad spectrum uLLJl ^1 j 

Selection marker j 

Bacterial selection marker ^jr^' *—1 j 

Pilot- plant ^st^ j 

Transcriptional units ^l_b>- _j 

Plaque forming unit iai^JJI JSCi; 5 Jb-j 

Single valency jsl£Jl j~>- j 

Molecular genetics 4~dj4-1 yijjJI 

Chronic granulomatous disease (CCD) ljt—' 1 ' f 

Pituitary tumour i^LkJl sjjJI » ^ 

Dry weight jU. j jj 
Biosensors 

Free medium (l^i-l ^ Jli-1) jiA Ja_- jJl 

Spent medium liiiJ.1 Ja— jJl 

Fresh medium j& Ja_-j 

DNA Labeling DNA Jl 

Intermediate Ja~-j 

Pro-inflammatory mediator ^l^JMl ^aL Ja_-j 

Blotting ^ j 
Southern blotting 
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Effector functions ^_~>^dl ^isUi j 

Immune functions apLII ^i;Ui j 

Structural function ijj^j j\ <uiSd& aaA^j 

Functional Jpli <. JUi t^jiJij 

Residence time *UJ| oi j 

Doubling time ^UUdl ci _j 

European agency for the evaluation iJaJl oU^dl ,,....1:1 i^jjjVl SJLS" Jl 

of medical products (EMEA) 

Food Standard Agency *l jjJl ; y_\^ 5J15 j 

Decoded f=r/t 
Infused 

Exothermic ; J\ y>- jjA 

Catalyze j\ 

Cytokinins od^S 
Encoding 

Induce <.yU >-6^H 

Saprophytic iuLJl jl id I Sjlil Jp i _ r l-54 
Rate-limiting step JJbJl cj">UldJl i&^ J\ -uo>^ * _ji 

Restricting '-^i 

Uracil J_Jj y _ 

Urea Ljjj 

Urease jL^^Jl 

Uridine ifMiy. 
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6-Hydroxynicotinic acid 




7-aminocephalosporinic acid 




.jJLLJI 


7-aminodesacetoxy cephalosporic 






acid 






Abacavir 






Abiotic elicitor 






Absorbance 






Accumulation 






Acetaldehyde 






Acetamidase 






Acetamide 






Acetate 






Acetate kinase 






Acetic acid 






Acetoine 






Acetone 






Acetonitril 






Acetyl coenzyme A 






Acetyl kinase 






Acetyllactosamine 






Acid genes 






Acidophiles 
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Aconita.se 




y id nunc 


i.l 1 . <\ 


/\cryidLcs 


i — Ob _p i 1 


A a/q f 1 fiJ r*r\ ci 1"1 a/a T n aI npr 
rA.C LI V a. ICLl , vL/H-UualLlVC, 1 -11C1 UC1 


'A \ ~ \ r[ 11 4-f^r»4 jl M-tl 1 "vill 


cells 




Activator 


u 


Activator binding site 




Active site 


JUiJl -ill 


active transport 


JUi , Uj — ia-ili , Lii 


Active transport system 


u i 


Acylating enzymes 




acylion condensation 




Adaptive proteins 




Adenine 




Adenosine diphosphate 




Adenosine monophosphate 


O LL^ Ju\ t ol>- 1 tlru-u a^j 3 1 


Aden virus 




Adenylate cyclase 


J- - - - -J - - ^ ( -V 


Adiponitrile 




Adjuvants 




Adrenal gland 


SJLkJi j\ 5JLP 


Adrenodoxin 




Adsorbed 




Adsorption 




Aerobic 




Affinity 




Affinity chromatography 




affinity tag 


. aJbdJ i«">Vp j! 


Aflatoxin 




Ag-Ab interaction 
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Agar 




agarose gel 




Aggregation 


C ' u 


Agonist 




Agrobacterium 




Agrobacterium tumfacien 




Agrochemical 




AIDS- associated Kaposi sarcoma 








Air lift bioreactor 




Albumin 




Aldolase 




Algebraic relations to calculate 




stoichiometry 


c£ 


Algorithms 




alignment 




Aliphatic amino acids 


^tf» <uw>l ^*?L?-I 


Aliphatic hydroxyl carboxylic acid 


Aj- 1 \ ..5" jj ^SvJl ^s-— ^JJ-^^-* 


Alkaline phospatase 


- ^ ^ \ -J 


Alkaline Phosphatase 




Alkaline protease 


4_S Ji jl ti-Ltli y list *j y\ 


Alkaliphiles 




Alkalophilic 




Alkyl chain 




Alkylation 




Allele 


sj j i! , uj! 


Allergens 




Allergic response 


<j 1 ^ 


Alloimmunisation 




Alphal-anti trypsin 


1 UJl — J^_««j^Jl 
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Amidase 

Amide 

Amikacin 

Amino acid sequence alignment 

Amino acids 

Amino-adipic acid 

Aminoglycosides 

Ammonium 

Ammonium sulphate 

Amoxicillin 

Amperometric 

Amphotericin 

Amplification 

Amylases 

Anabolic processes 

Anabolism 

Anaerobic metabolism 
Analysis of the proteome 
Analyte 

Anaphylactic shock 

Anchorage dependent 

Androstenedione 

Annealing 

Antagonist 

Anthocyanins 

Anthrax 

Anti hemophilic factor 
Anti sense gene 
Anti thrombin III 
Antiarythmic 



i^Ml ^Ls^M J_Jl_J .-.l«Uu -.1 
Is- 1 

^-L*- 1 <^- J l~Lo_£- 

iU" ^ 

oLoL^jli 1 

^*-jdJ 5^Ls<g» toL_*>- 
III izl>dl jU 
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Antibiotic resistance 

Antibiotic-resistance marker genes 

Antibiotics 

Antibody 

Antibody isotype 

Anticholinergic 

Antigen 

Antigen -binding fragment/Fab 

Antigen-presenting cells (APCs) 

Antiparallel strand 

Antisense 

Antisera 

Aplastic anemia 

Apovaricin 

Applications 

Approach 

Aquaphilicity 

Arabinanases 

Arabinose 

Arbitrary 

Arbo viuses 

Archaea 

Arenes 

Arginine 

Aromatic 

Array 

Artificially 

Asparaginase 

Asparagine 

Aspartate 



jJ-\ iUiil <UjLil 

JiUdl jUII r J r \ 
y£Jl Jj«x!I iUi« 

Fab 

jULaljl 
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Aspects 
Assay 

Assembly reaction 
ATP 

ATP synthase 

Attapulgite clays 

Augmantin 

Autocatalytic enzymes 

Autographa californica 

Autoimmune 

Automated sequencing 

Automation of DNA Sequencing 

Autonomous replication 

Autoradiography 

Autoreactive 

Autotrophic 

Auxins 

Auxotrophic mutant 

Avidity 

Avoparicin 

Azethromycine 

Azoles 

Baby hamster kidney cells 

Bacillus 

Bacitracin 

Back pressure 

Backward reaction 

Bacterial artificial chromosomes = 
BAC 

Bacterial selection marker 



ATP J I 

iJlJUl i*Lll 
DNA Jl illlC- Sj^t fcrl 

JJi: Ll (jljJl i^jieLiJl 

JjjVi 
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Bacteriocins 

Bacteriophage 

Bacteriostatic 

Baculovirus expression vector system 
(BEVS) 

Balance of degree of reduction 

Tropophase = Balanced growth 

banding pattern 

bands 

base genes 

Base pairs 

Basic biotechnology 
Basic research 
Basket reactor 
Batch culture 
Batch reactors 

Batch stirred tank reactor (BSTR) 

Bayer-Villiger reaction 

B-cell repertoire 

B-cells 

Beads 

Beads on a string 
Benomy 
Bentonite 
Benzene 

Beta-galactosidase 
Bicyclic 

Bifunctional reagents 
Binary fission 
Binding groove 



^j-^a^Jl (j-^J t j-^ (J^ljH 

Bayer-Villiger ^Ji jy> JtU; 

i-sUI L^ki-I 



AjLIs jJl a\oLj i^jLil j5" 
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Bioactive 

Biocatalyst 

Biocompatablity 

Biodegradable 

Biodiversity 

Bio-geochemical 

Bioinformatics 

Biolistic transformation 

Biolistics 

Biomarkers 

Biomass 

Biomass specific conversion rate of 
compound i 

Biomedicine 

Biopharmaceuticals 

Bioprocessing 

Bioprospecting 

Bioreactor 

Biorefiners 

Bioremediation 

Biosensors 

Biosynthesis 

Biotechnology 

Biotic elicitor 

Biotin 

Biotransformation 
Bisacrylates 
Black box models 
Bleaching chemicals 
Block/sheet moulding 
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Blood clotting agent 


r jj| j£ 


Blood group 


\ 


Blotting 


(W J 


Blunt 




B-lymphocytes 


<LjL> oljjU^_J 


Bomyx mory virus 




Boving spongiform encephalopathy 




Breaking self-tolerance 




Breeding 


j">L^Nl 


Brewing 


o , si (SjJ-D ^Loi i~u^ 


Bright field microscopy 


(J v = - 


Broad spectrum 




Bronchitis 


oL4aJl c-jL^JI 


Broth 




Budding viruses 




Buffer 




Builders of detergents 




Bulk 




Butanediol 




Butanol 




Butyrate 


-V- _/ - • 


Butyrate kinase 




Butyric acid 




Butyryl-CoA 


A *J 111 aS" Ll J 4-J 


By product 




C13-NMR 


13 o *j t^CU , /C 9 jJl ,*>J Jl 


Calcium alginate 


p j^JLSsJl oL-J^I 


Calf stomach 




Callus 




cAMP 
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Camphor 
Caphalosporin C 
Capillary 
Capsule 

Carbamate kinase 

Carbapenems 

Carbohydrase 

Carbohydrates 

Carboligase activity 

Carbon catabolite repression 

Carbon conversion coefficient 

Carbon Intermediates 

Carbovir 

Carboxykinase 
phosphoenolpyruvate 

Carboxypeptidase A 

Cardiac muscle necrosis 

Cardiotonic 

Carotenoid 

Carrageenans 

Carrier protein 

Cassetes 

Catabolic Pathways 
Catabolic repression 
Catabolism 
Catabolite 

Catabolite activator protein - CAP 
CRP - Catabolite receptor protein 
Catabolite repression 



«o jj^JI Jd_^ ^rj-^ 1 ' 
A jU.:...........5jjjl£ll 

(^wicJi) ^^j^ji ( j-s2j v yi oijLwa 

t j_« ^jUI c^-S" j^L* ia.^'^J 1 jl |»~LgJl ^cJC-o_) la.— .^j 
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Catalase 




Catalytic acitivity 




Catalyze 




Cauliflower mosaic virus 35S 


1 • - t 1 t 1 1 • * 


(CaMV35S) 




cDNA (Complementary DNA) 


i!<ri ON A 






Cell Culture 




Cell cytosmears 




Cell density 




Cell elongation 




cell fraction 




Cell fusion 


jS 1 w** —\J J 1 


Cell lines 




Cell lysates 




Cell membrane 




Cell retention 




Cell shrinking 




Cell suspension 




^i=*ll trancfnrtnfitinn 


,- 1 il 1 1 -II 


Cell wall 




Cellobiohydrolase 




Cell-to-cell contact 




Center for drug evaluation and 




research (CDER) 




Centrifugation 


^ 1 1 : 1 1 ^ l i l 1 1 


Cephalosporin 




Cephalosporinase 




Cephalosporium 




Cephem 
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Chain elongation 

Channel protein 

Chaperones 

Chelators 

Chemiluminescent 

Chemostat 

Chemotrypsin 

Chimaeric, chimeric 

Chinese hamster ovary cells 

Chip 

Chiral 

Chitin 

Chitosan 

Chlamydial 

Chlorination 

Chlorotetracyclin 

Chromatin 

Chromogenic 

Chromosome 

Chronic granulomatous disease 

(CGD) 

Chymosin 

Circular dichroism 

Circular DNA molecule 

Citrate 

Citrate Synthase 
Clarification 
Clarithromycin 
Clavams 
Clavolanic acid 



a] L . J I ^JjjJaj 

Jy^ J?\~^ J* 1 ^" j j 



- DNA 
^*-Jl ^ivii 
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Clearance 
Cleavage 
Clinical chemistry 
Clinical development 
Clinical trials 
Clonal cell line 
Clones 
Cloning 

Cluster designation (CD) 

Coalescing 

Codon 

Codon bias 

Coefficient 

Co-factor 

Cohesive 

Collagen 

Colloidal 

Colonies 

Colorectal cancer 

Column of Sepharose-Glutathione 

Combination 

Combinatorial libraries 

Compartmentalization 

Complement cascade 

Complementary determining regions 
CDR(l,2and 3) 

Complementation 

Complementation of defect in the 

cloning host 

Complements 



J— ' t£j^~ 

Ajj-lS" t ,"j I ; J^wJ 

^aivJ.lj j jJ jjJI OIL? 
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Complexity 




Computer soft ware 




Concentration 




Confocal microscopy 




Conjugation 




Conjugative plasmid 




Connective tissue 




Consensus interferon 




Conservation constraints 




Conservation principles 




Conserved 


(I 2k Jig- » 


Conserved strand 




Constant 




Constitutive 


» I I * • 


Continuous culture 


1 1 - 1 1 


Continuous culture 




Continuous stirred tank reactor 


- 1 1 ^ ' • 1 1 • Jill' 


(CSTR) 




Continuously stirred tanks 


-J V La -7^ 


Control 




Controlled pore glass 




Conversion 




Core 




Corn steep liquor 




Coronary angioplasty 




Corti sol 


, 1 . . - , <-j| 


Cos Site = Cohesive ends 


COS ^ J-aU iLli a^jIj ^t! 


Cosmid Vector 




Covalent binding 




Crawn gall 
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Creutzfeldt-Jakob disease 




f 1 n 1~1 r* q 1 Hiln1"ir\n vatc* 
1^.1 Llll ULlUIl 1 d. It 








CLEAs- 






- 


CLECs- 




Cross-linked enzymes (CLEs) 




Cross-linked spray-dried enzymes 




(CSDEs) 




Cross-linking 




Cross-Over 




Cross-sectional area of the 




downcomer 




Crotonase 




Crown ethers 




Crude preprations 




Crystal protein 




Crystallisable fragment (Fc) 


(Fc iiJ-i) SjjLdl 5iJ_tJI 


Crystallization 




Crystallography 




CT-box 


CT (_5jJ^v3 


Cultivation 




Culture collections 




Curve 




Cyclic diphosphoester 




Cyclic peptides 




Cyclodextrins 




Cytochemical assay 




Cytokinins 




Cytoplasic membrane 




Cytoplasm 
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Cytosine 

Cytosole 

Cytostatic 

Dairy animals 

D-amino-acids 

Daptomycin 

Darwanian optimization algorithm 

Data bases 

Daughter cell 

Deacetylated 

Deactivation 

Decane 

Decarboxilase 

Decoded 

Deep vein thrombosis 

Degenerate 

Degree of reduction 

Dehydrgenase 

Delayed release feature 

Deletion 

Denaturant 

Denaturation 

Dendritic cells 

Denitrification 

Denitrifying growth system 

Deoxynucleotide triphosphates 

Depsipeptide 

Derived 

Dermatophytes 



j^A jLSLi 

(ju>> SjVl *W5 OIL jjjJl A-J*^! Jblj ySS j_J 

JuL-.... r ,,.~.o 
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Detection system 

Detergent 

Diagnostic agents 

Diagnostics 

Dialysis 

Diauxic growth 

Diazo 

Diazotization 
Dielectric constant 
Dienes 

Differential Controller proportional 
integral 

Differential equation 

Differential Interference Contrast 

Differentiation 

Digoxygenin 

Dihydroxyacetone 

Diisocyanates 

Dilution rate 

Dimer 

Dimethyl sulfoxide 

Dimorphism 

Diols 

Dioxygenase 
Diphtheria vaccine 
Diploid 

Direct gene transfer by particle 
bombardment 

Directed evolution technology 




^uLsJl Ji-ljsll 




J S j.s\. \ I . LjLw a ^jL-- 1 
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Directed or hybrid biosynthesis 
Dissociation 
Dissociation constant 
Dissolved oxygen tension 
Disulphide bond 
Diterpenes 

Diversity segment/D-segment 

DNA array technology 

DNA Cloning 

DNA fragment 

DNA hybridization 

DNA Labeling 

DNA libraries 

DNA polymerase 

DNA probe 

DNA repair mechanism 

DNA Sequencing 

DNA shuffling 

DNA taq polymerase 

Domains 

Donors 

Dormant phase (G 0 phase) 

Double cross-over 

Double cross-over recombination 

Double cross-over recombination for 
allele replacement recombination 

Double index 

Double stranded 

Doubling time 

Down pumping hydrofoil 



I U g ■/! kj ^s- <JcijJ^\ J I ./> aj I 
Jl ./;aJMl Oolj - kilSCidl OjIj 

D-SjJaaJl / ^ysi\ kAii 

DNA J I 

DNA Jl 

DNA ^ iDNA hJhi iDNA 4«Jui 
DNA Jl 
DNAJI 
DNA Jl cjUS^ 
DNA Jl 

DNAJI ^ j\ jL~. 
DNA JJ £^LaJ a-L^ 
DNA Jl il_JL- - DNA Jl JJLJ 

4^ J^Udl_,l DNAJI JalU- 
«3U DNA Jl 

t " jl c l us 

C->L«-Jl J y& 

^yiy. (jj-f-) ^^U: <_~St 
Si yUl JI_l^M ^jjjll ^LiJl ^-JstJl 

<>- y> 
i^apUaJl oij 
jj^< ob <JU cjlilij 
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Downcomer 
Downstream 

Downstream processing 

Doxycyclin 

Draw back 

Drosophila melanogaster 

Dry weight 

Dyes 

Ecologically sensitive 
Ectopic 

Effector functions 
Effectors of the immune system 
electrical gradient 
Electrode 

Electrofusion techniques 

Electron donor 

Electron transport chain 

Electron transport-coupled 
phosphorylation System = ETP 

Electrophoresis 

Electroporation 

Elemental analysis 

Elicitor 

ELISA 

Ellipse 

Embryonic stem cells 
Empirical 
Emulsion 
Enantiomer 



JjUl 

J_i~ul ^yS - (oi-Lsi a W 2 : 1 Jlj) jJlXj y> ^ji 

i ail oL^-Ij iiUcdl 4-L...L...:I I ^jLLjJI 

^^ISo L *' lV S j I 



jvjjJNIj iL^idl oj^oll ^l^i 



Uil 
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Enantiomers resolution 

Encapsulated 

Encoding 

Endogenous metabolism 
Endogenous respiration 
Endoglucanase 
Endonuclease Mapping 
Endonucleases 

Endopeptidase 

Endoplasmic reticulum 

Endosomal vesicales 

Endothermic 

Energy currency 

Energy dissipation 

energy yielding 

Engineering genes 

Enrichment techniques 

Enterobacteria 

Enterococcus 

Enthalpy 

Entities 

Entrainers 

Entropy 

Enzyme assay or immunodetection 
Enzymetic deamination 
Ephedrine 

Epidermal growth factor 
Epithelia cells 
Epitopes 




( iJj^lj tuUjjjl 

i^>j% aSLjJI 

4SU2JJ » j! ojl ,=-JJ k^sii 

((iSLkll iaiJl 5JUJLJI» 

iiiUaJl i fju 
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Epoxy resins 
Erlenmayer flask 
Erythromycin 
Erythropoietin 
Essential oils 

Expressed Sequence tag= EST 

Esterase 

Ethane g 

Ethanol 

Ethylene glycol 

Eubacteria 

Eugenics 

Eukaryolic cells = eukaryotes 

European agency for the evaluation 
of medical products (EMEA) 

European inventory of exiting 
commercial substances (EINECS) 

Evolutionary mechanisms 

Excipients 

Excision 

Exogenous 

Exon 

Exopeptidase 
Exothermic 
Expendase 
Experimental system 
Explant 

Exponential phase 
Expression 
Expression cassette 



J jj Lj j 



iojjj^l o yl ydl ijjUxJl jljil ioJli 

CjIpI j ll 

*u>-jLr- jlJLJ^o cjLkjjjl 

My- ->A 
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Expression cloning 

Expression vector 

Extension 

Extracellular 

Extrachromosomal 

Extremophiles 

Extrusion 

F pilus 

Fl hybrid 

Facilitated transport 
Facultative anaerobe 
Fatty acids 

Fatty acyl triester glycerol 
Fatty acyl-CoA dehydrogenase 
Fatty acyl-CoA esters 
Fatty acyl-CoA Oxidase 
Fatty acyl-CoA Synthase 
Fc receptor 
Fc region 
Feasibility 
Fed-batch culture 
Fed-batch feeding 

Federal Drug administration (FDA) 

Feed back 

Feedback inhibition 

Feedstock 

Femtograms 

Fermentation 

Fibre wet-spinning 

Fibrin 



JjVl JJrl 

Aji" ^^- va j 

FC A3 J-Jp ^J-Ji^v-a i 43~LiJl ( J_^iUwO 

Sl-Lill 
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Fibroblast 


<LAJJI i» JJ*I 


Filamentous fungi 




Filarial 




Filtration 


~ C_- ' 


Fine chemicals 




Finger print 




First order 


( _JSL» LSwj i »bi») / 1 1 J 1 is- iJUl ;y> 


First-order differential equation 




Flavin 




Flavonoids 




Flocculation 




Flouroquinolones 




Flow cytometry 




Flow diagram 




Flow rate 




Fluid dynamic modeling 


- " - (l. r - 


Fluid granulation towers 


Jsl^Jl ■ ^ r l y l 


Fluid mechanical stress 




Fluidized bed 


,11-11 y^Jl 


Fluorescent 




Fluorescent dye 




Fluorimeter 


0 ) JjjJl lL£J>- 


Fluorogenic 




Flux 




Foldases 




Folding 




Follicle stimulatory hormone 




Food additives 




Food allergies 




Food irradiation 
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Food Standard Agency 
Formaldehyde 
Formamide 
Formate 

Formate dehydrogenase 
Formation 
Formic acid 
Formulation 

Formyl-tetrahydrofolate synthase 

Forward angle light scatter (FALS) 

Forward reaction 

Fouling flims 

Fraction 

Fragmentation 

Fragments 

Frame shift 

Framework regions 

Free flowing powders 

Free medium 

Free suspensions 

Free-energy reduction 

Frequency of transcription initiation 

Fresh medium 

Fructose 1,6-bisphosphatase 

Fuelling reaction 

Fumarase 

Fumarate 

Fumaric acid 

Function 

Functional 




5*1 jUal ^jS 
^~J| iJ^C- fljLjl y 

J 6 — \ J yS 

iJb 
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Functional cross-reactions 


A^isLiU <J^J 


Functional domain 


5JipU]| f-Lki 
C 


Fungal transformation 


JaiJl , L> t£ 


Fungi 


u 

J 


Fungioststic agents 




Fusion construct 




Fusion proteins 




Fusion tail 




Fv fragments 


Fv Li~L£ 


Gl phase 


/ C r ~*Jzj>zSj\ i aJaj| — ,* wsi 9 -Jl ) «Jf 


G3P Glyceraldehyde 3-phosphate 


oLL* ji —3 Jul^- -xJlj^*— Jlp 


Galactanases 




Gas chromatography (GC) 




Gelatin 


- - 


Gelatinisation 


>»*}L& , 11 L <~L^ 


Gellan 




Gene 




Gene cloning 


iJ\Z~\ 7~ L .o 1 


Gene clusters 


^jLJ-I (*-o^) aJLp 
- • CT^ 


Gene disruption 




Gene expression 


» - 


Gene expression patterns 




Gene fusion 




Gene library 




Gene linkage 




Gene silencing 




Gene therapy 




Gene transfer 




Generally recognized as safe (GRAS) 




Generation time 
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Generic antibiotics 


-~ \ 


Genethics 




Genetic code 


<LjIjjJ| 0 fJL&J 1 


Genetic complementation 




Genetic databases 




Genetic Engineering 


4_jl ) Jl i^J^JI 


Genetic manipulation 


^rjbJi 


Genetic modification 




Genetic recombination 




Geneticaly modified organisms 




Genetics 


4jI } Jl 

v/ \ 


Genome 


dJ^I , i j Jl J_*ll , - A ^X>- 


Genome management and analysis 




Genome sequence 


, Ll£Jl , jJ-l , ULdl 

(J - • £J 


Genomic 




Genomic and Gene libraries 




Oenomic libraries 






fc | i • L ' A • A IK 


Germ-line 


X . 1 1 1 i-» / d i 1 1 Si 1 k\ A ' -fc. 1 i *\l 


Germ-line gene therapy 


. i^i _ r, }i_ <T- U LMi.1 • =Ll ^Mt 






Gibbs energy dissipation 


(ij—^-O J^p iiUaJl JOJ 


Glcolysis 


,SLJl , LU S~L^ 


Global carbon cycle 


4_u aSJl 0 *J >5ol 0 J O 


Global worming 




Globular domain 




Globular protein 


•Sir 1 CfJS. 


Glucans 




Glucoamylase 


j">Lo1 ^ _JjJl 


Glucocarticoids 
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Gluconate 

Gluconeogenesis 

Gluconic acid 

Glucose -6- phosphate 
dehydrogenase 

Glucose 6-phosphaste 

Glucose-6-phsphate isomerase 

Glutamate 

Glutamine 

Glutaraldehyde 

Glutaryl cephalosporins 

Glutathione 

Glutathione-S-Transferase 
Glycan 

Glyceraldehyde 3 phosphate 

Glyceraldehyde 3-phosphate 
dehydrogenase 

Glycerol 

Glycobiology 

Glycobiotechnology 

Glycohydrolase 

Glycol proteins 

Glycolysis 

Glycolytic flux 

Glycopep tides 

Glycoproteins 

Glycosyl transferase 
Glycosylation 



olLi jiJl— 6 j jS" jJjJl 
oLL*» ji— 6 j j5" jIp 
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Glycosyltransferases 
Glycosynthases 
Glyoxylate 
Glyoxylate bypass 
GM microorganisms 
Golgi body 

Good manifacturing practice 

Gout 

Gradient 

Gram-negative 

Gram-positive 

Granularity 

Granulocytes- colony stimulating 
factor 

Graphite 

Gravitational acceleration 
Green fluorescent protein 

Green replacements 

Grid and parallel processing 

Griseofulvin 

Growth connected products 

Growth rate 

Guanine 

H 2 S 

Haemolytic disease of the newborn 
(HDN) 

Haemophilus 

Haemotopoetic growth factors 
Hairy cell leukemia 



j It*. *^So*>ljJ I 

LjIjj <U.Lsw oLjIS" 

l T^J* (• — T 

(TJ-^ 

iyj~\ vyj^ L^Sji 
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Hairy roots 


4j »J»..,t.J 1 ) eJLi-l 


Half-inactivation 


, jL»aJl iJUiJl , Lk>J 


Half-life 


J 


Halogenations 




Halophiles 




Haploid 




Hapten 


ur - 


Harsh chemicals 




HC1 




Heavy chain 




Hemophilia 




Hepatitis B 


B 5- Jl 'vo JliCJl ^>Uili 


Hepatitis viruses 




Herbicide 




Heterocyclic amine 




Heterogeneous 




Heterologous 


. -J U -s J~ 


Heterotrophic 




Hexadecane 




Hexokinase 


Jv ~ J 1 


Hexose monophosphate shunt 




High frequency = Hfr 




High throughput technologies 




High value proteins 




Higher eukaryotes 




Higher-order aggregates 




High-shear impellers 




High-throughput screening 


►bVl iJU iL> 


Histidine 




Histidinol dehydrogenase 





1 169 



Histones 




HIV 


4 .Tixil USjcS 1\ , « -Jill 


Hollow fiber 




Hollow fibre reactor 




Homologous 




Homologous recombination 


^Udl j\ JiUdl jl jJibdl ^Ul 


Homology 




Hops 




Horn hi en H 


i-l ; , «ll 


Host 


111. II i, a .ill 


HPLC 


t*bVl iJUJl 5_L;I ]| 1 i\ J J-jjj^j J £L}\ 




JUJI WJI oli ilsLJl Lil > jU j iGl 


Human body fluids 


™ • J 1 


Human embryonic kidney 




Human Genome Project 




Human growth hormone 


/ S hJL*Jl a^jJI (J a_« 


Human serum albumin 


^^Jl J^il JYj 


Humanised antibodies 




Hybridisation 




Hybridoma cells 




Hydostatic 




Hydrocarbons 


^ \Xla d <p S $\ 0 S $ j-Ua 


Hydrodynamic 




Hydrofoil 


(J -* "~ 


Hydrogel 


v r 


I I vH r i~\ o n n^rnYin f* 
± iy vji ugcii uci uaiuc 




Hydrolase 




Hydrolysis 




Hydrophilic 




Hydrophilicity 


►111 v-^- 
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Hydrophobcity 


(o >) M >J 


Hydrophobic 




Hydroxyl 




Hydroxylate 


J......5 jjJjL^JI it y^- SiUil 


Hydroxymuconic semi aldehyde 


jjL^-jJ^/l ^Jj ^*«^jjjjL& 


Hygromycin 




Hyperbolic 


j? i>...tj 


Hyperglycosylation 




Hyper-thermophilic 




Hyper-variability 


J? -is 


Hyphae 




Hyphal 




Idiophase 




Immobilization 


a5 J- 1 j a; 


Immune complex 




immune uonor 


AP £sj Us 


Immune functions 




Immune response 


1 • t 1 " 1 - SI 1 


Immune system has checks and 


t • * ? » .f 1 1 • t 1 - 1 it 
Jaw? j i^jlJ jj Jjji ^» J^-^ 


controls 




Immunisation 


Cr 


Immunoadhesins 




Immunochemical 




Immunocyto chemistry 




Immunodiffusion reactions 




Immunogenicity 




Immunoglobulin 




Immunometric assays 


<UPLJ> jj-^LJ d->l jjL*-"> 


Immunoprecipitation 




Immunosuppress 
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Immunotoxins. 


<UpLll > a»..,..J 1 

\ 


Impeller 




Impregnation of a porous support 




Improper folding 




In silico analysis 




In situ 




In vitro 




In vitro packaging 




In vivo 




Inclusion bodies 




Incubate 




Index 




Indicator 




Induce 




Inducible promoter 


L/ - v (J - v 


Inert 




Infection 




Infectious agents 




Infectious diseases 




Inflection point 


j 


Inflow 


li-ljJl , UJeJl 


In-frame 




Infused 




Inherently 




Inhibitor 




Inhomogeneity 


Lr~ ■ \ 


Initial 




Inlet flow rate 




Inlet medium 




Inoculation 





1 
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Input 


i^i ill 


Insertion mutation 


A 1 ft I , ** 1 1 A 


Tnsprtional Tn activation 

lllovl L1W11C11 .1. 1 1 CI V 11 V CI LI W 11 








Inserts 




In-silico analysis 


- - i- -s - ( l + -J- -J, (J„ 


Insulin-like growth factor-I 


(Jv -7 . ... jr— jj- 


Integrase (Int) 




Integration Vectors 




Integrative transformations 




Intercept 


CT 


Inter-esterification 


4_J_J| o 1 


Interfacial phenomenon 




Interferences 


(, JLl aJLj) C->*>U>-|jj 


Interferon 


0 } -i ^\ 


Interleukin (IL) 


JaS" J Jul 


Intermediate 




Intermediate compound 




intermediate precursors 




Intracellular 




Intron 


0 « ^1 


In-vitro cloning 




Ion 




Ion exchangers 




Ionization 




Ionotropic gel 




Irreversible 




Isocitrate 




Isocitrate dehydrogenase 


C-o^*Jl '^r^' O^r?" J J-^* 1 ^J-* t*"^' 


Isocitrate lyase 
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Isoelectric point 
Isolates 
Isomerase 
Isomerization 
Isooctane 
Isopeptide bond 
Istaxanthin 
Itaconic acid 

Jacket side fouling film heat transfer 
coefficient 

Japanese encephalitis 

J-chain (joining chain) 

J -segment 

Kanamycin 

Kilo base pair (kbs) 

Keratin 

Kinase 

Kinetic assay 

Kinetic expressions 

Kinetic modeling of Cell Growth 

Kinetics 

Km 

Knock-out 

L- Aspartic acid 

Labeled 

Labeled DNA or RNA probes 
Labelled probe 

Laboratory containment conditions 

Lactams 

Lactate 



jlUI ^UjJI t-ilfJl 



aJ_«1_^) J— L...i 



RNA Jl jl Jl DNA 
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Lactating animals 




Lactic acid 




Lactic acid bacteria 




Lacton 




Lactose 




Lag phase 


■J -s J 


Lanthionines 




Lattice entrapment 




Leavening 




Legionella 




Lepidopteran 




Leukemia 




Levofloacin 




Ligand 




Ligase 


jUJ iDNA Jl j*aJ ^1 


Light chain 




Light detection 




Light microscope 




Light-dark cycle 




Lignan 




Lignin 




Limiting substrate 




Linear correlation 




Linear growth rate 




Linear polypeptide 




T inear rate enuations 




Linear regression 




Linear relation 




Linearised 




Linkage 
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Linkage group 




Lipase 




Lipid bilayer systems 


J \ 


Lipoproteins 




Liposomes 




Liquefaction 


C_r- 


Liquid inlet jets 




Liquor 


Sr-' - -* 


Lithium acetate 




Localized expression 




Logistic law 


^j:. .->■ ^JJ| jW'.U j 


Long chain alkanes 




Low-shear impellers 


La 


Lubricants 




Luciferase 




Luminometry 


/ C JL« aJ — , -J a-ya.ll ^LjlJl 


Lump 




Lycopene 




Lyme disease vaccine 


~ C 


Lymphocytes 




Lyophilised 




Lysis 


u 


Lysogenic cycle 




Lysozyme 




Lysyl residues 




Lytic cycle 




Lytic nature 




Lytic phase 




Maceration 




Macrolides 
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Macromolecules 

Macronutreints 

Macrophages 

Maintenance coefficient 

Maintenance coefficient of 
compound «i» 

Malate 

Malate dehydrogenase 

Malate Synthase 

Malic acid 

Malonate 

Malted barely 

Mannans 

Mannases 

Mannitol 

Mannosides 

Marker 

Marker gene 

Mash treatment 

Mass balances 

Mass Balances for ideal bioreactors 
Mass spcetrometry 
Mass transfer coefficient 
Master cell bank hierarchy 
Master frozen culture 
Mathematical models 
Matrix 
Measles 

Measuring yields 
Mechanistic 



»i» JJ\ J*Ui 
^> 

^jiJaJl ihSUl ^Li 
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Mediated 




Mediator 


1 1 * 


Mega-plasmids 




Meiosis 




Meiotic recombination 




Membrane reactor 




Membrane-bound surface 




immunoglobulin 




Mesophilic organisms 


" 1 ! - ! 1 - 1 It 1 1 *T 1 1 - I .H <r*tl 
*Uj£*ll ojl ^JJ 4*>tll CjUjISOI 


iviessenger ivi\/\ 


1 T> XT A 

J KJNA 


Metabolic bottle neck 




ivieiauoiic engineering 




JVieidDOllC llllgeipilllllllg 




JVieidDOllC rlUA 




Metabolism 




Metabolites 




Metabolome 




Metabolomics 




Metal chelate chromatography 




, i 
material 




Metastasis 




jvieiiidiiogenic udcieiid 


M* It - it 1 ~<C 


J. VIC HldllUgCIla 




JVieilldllOl 


1 M* 

(J jJ 


Methicillm 




Methyl 




Methyl ester 


jZ^^I 1 


Methyl tertiary butyl ether 




MHC class I and class II 


jJI jjJl ol f jj-a II i » ' — • 'lj T i J • .„ || 
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Micelles 
Micobiota 

Micro organ 

Micro scale 

Microalgae 

Microarray 

Microbial Cultures 

Microbial process 

Microbiology 

Microcarrier 

Microencapsulation 

Microenvronment 

Microfabrication 

Micromanipulation 

Micronutrients 

Microprojectile bombardment 
Microtiter plate 
Microtubular structure 
Microtubulin 
Mid-gut cells 
Mild conditions 

Minimizing the sum of squared errors 
Mis-folded 

Mismatch repair system 
Mismatched blood transfusion 
Mitochondria 
Mitotic division 
Mobilisable plasmids 
mob jlMobilization genes 



i£jJ-\ .k-jJl j\ 
4j^£=d.l t_JL>JaJl 

«Uai-l p_JS J"^" 

DNA Jl J iUlsai jJrl »UiJ 
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Model 


*0 o^J 

(l. j 


Model's complexity 


Cl. j 


Modeling cycle 




Modeling exercise 


4^_UJ| ,V y£ 


Modification enzymes 




Molar absorption coefficient 


J^il^U^Nl J^l« 


Molar growth yield 


((Jjil _^JI ^lilln 


Molar ratio 


iJ ill 4__jJI 


Molasses 




Molecular biology 




Molecular genetics 




Molecular size markers 


, 1>- 1 (J JaJ 1 1 -J" V s 


Molecular weight marker 


, _Xj 1 ~-PtJ>tJj — V^-S" 


Mono or dioxygenases 




Monobactams 


C->Lsl^S-0 QJ all 


Monoclonal antibody 


rij .'. J 1 a fl^Lyail pL~j-*yi 

- 1 


Monogastric animals 




Monomers 


(<LoL>-l ^jl^a) ol yJ* y y* 


Monosaccharide 




Monoterpenes 




Monoxygenase 


j 1~^_~S' J 1 y y[ 1 


Morphogenesis 




Morphology 




Multicellular organism cloning 


c 


Multi-enzyme complexes 




Multi-meric 


tlj^^l J-bCU 


Multi-phase 




Multiple antigen-binding sites 


Ojjcdl Jls^U*J.\j iaj j]\ ^il j^s 


Multiple clonning site (MCS) 


o.l.Uj.1 ^L_iNl ^il y> 


Multiple nuclear polyhyrosis virus 
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Multiplicity of infection i U=M I 

Multi-variant analysis *-slyuJl cjI jji*^. JJls£ 

Mumps ^5^,1 

Muscat grape ^-jJI 

Mutant complementation cj\ iUSi »hJ 

Mutant isolation olylUl Jj^ 
Muteins ijliJl *U .. ^ , J ; U . 

Mycelium fjJ?~j> 

Mycoplasma genitalium .jJIsj^*- Loj^jSCU 

Mycoplasmal oljjkall 

Myeloma Vjj^ 1 ^=^' 

Myelosuppression ^U-Jl 

Myxococcus xanthus l y£>\j> ^ jSy~£~° 

N-acetyl glucosamine ^Ij jS J~~J -N 

NADPH ^LjJLlI a^LjjjLS-j-jjJl 

^j^-jj-L^JJ ^sU^I JjIj jJ^" 

n-alcane liquid JjL. ^SCJl _ n 
Naphthalene 
Naproxen 

Narrow spectrum ■ Lkll 

Native state ^~U*' iU^U- 

Natural Gene Transfer ^J-\ j\ cjj_^JJ s_*_l= JZ* 3 J? 

Natural recombination ^^^JaJl ^_^'bJI 

Natural selection L y^~^' 1 

Naturation SJU»Vl W^*^ SjUi-I 'U^i* J* -tUJ-l 

Necrosis j ^ScJl 

Negative selection System ( __ S _JL^_J 1 jL^Nl 1° 

Neisseria meningetidis ioU^Jl 
Nematode 
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Neomycin 

Nested primers 

Net formation rate 

Neurosporene 

Neutropenia 

Neutrophils 

Newtonian 

n-glcosylation 

Niacinamide 

Nickel 

Nicotinamide 

Nicotinamide adenine dinucleotide 

Nisin 

Nitralase 

Nitrate 

Nitrilo triacetic acid-NTA 
Nitrite 

Nitrocellulose 
Nitrosoguanidine 
N-linked 
NMR 

Non encapsulated 
Non-aqueous solvents 
Non-covalent 
Non-hodgkins lymphoma 
Non-ionic detergent 
Non-limiting rate 
Non-ribosomal synthetic pathway 
Non-segregated 

Non-steroidal anti-inflamatory drug 



^ tjCij J-C-LflJ <L\j\jl[> 

U)Ul iijuJl L^UM 
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Normal chemical rate constant 

normalize 

Northern blotting 

N-terminal Signal peptide 

N-terminus 

Nuclease 

Nucleases 

Nucleic acids 

Nucleocapsid 

Nucleoid 

Nucleophilic 

Nucleoprotein complexes 

Nucleosides 

Nucleosomes 

Nucleotide 

Nucleotide bases 

Nucleotide diphosphate kinase 

Nucleotide sequence 

Nylon 

Obligate bacterial parasites 
Observed yield 
Occlusion bodies 
Off-rate 

Ofloxacin butyl ester 

O-glycosylation 

Oligonucleotide 

Oligonucleotide-directed 

mutagenesis 

Oligosaccharides 



(( (J yj y 4» ./? i ') 

N 0 U ; jLil 
OjJj Lj 
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On-rate 


u- 


Open reading frame (ORF) 


(_J ~ -J > 


Operation of bioprocess 


<uL>jJ| ^j_J«_J^J AjL ^0 


Operator gene 


u ^- • 


Operon 




Optical density 




Optimazation 


, UiVl , Ul yJl J , li-Vl cJ JiJI -S .3 


Optimize 




Order 




Organelles 




Organic acids 




Organic supplements 




Origin (of x, y-axis) 




Origin of replication 




f~)n (II n r*T trsncfpr — (~} ri 1 


II JX*sl 1 a . 


Origin ori 




Original single-site affinity 


A^-l i ,S 1 * ^ L& iaj IS iLi >»*SM djWl 

n-AJ^" 1 ^ / y 1 ^ ""w**^ J 1 ^vU J 1 


Orotidine-5 1 phosphate 


S' ' . 1 7 a . al • a I C * . C ll <i ll %l . ' 11 


decarboxylase 




Oscillating electric field 




Osmolarity 


c 


Osmotic pressure 




Osmotic shock 




Osmotic stabilizer 




Outflow 


r ;UU . 53JL=J| 


Outlet 




Outlet flow 




Outlet medium flow rate 




Output 




Overhangs 
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Overlapping 
Oxa cephams 
Oxalate 
Oxaloacetate 
Oxazolidinones 
Oxidalive stress 
Oxidant, oxidizing 
Oxidase 

Oxidative conversion 
Oxidative phosphorylation 
Oxo-functonality 
Oxogluconate dehydrogenase 
Oxphos 

Oxygen transfer 

Oxygenases 

Oxygenated 

Oxygenation 

Oxytetracyclin 

Packed bed reactors 

Packing 

Palindromic 

Papain 
Parameter 

Parameter estimation 
Parameters 
Parent antibiotics 
Parent cell 
Parental myeloma 
Particle 



Sli-ljll* 

J....,.5'j-^ ^J-*^ 

0 jJL~Jli\j SJ—JNl ^J*>U-Uj 

OXO | _ J aJ; jJl »bVl 
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Partition coefficient 




Passaging 




Passenger DNA 


j\ ^S\j DNA 


Passive diffusion 




Passive immunity 




Patho mechanisms 




Pathways engineering 




PCR 




Peak 




Pectinases 




penam 


) — 


Penicillin acylases 




Penicillins 


,", M " .' 


Penicillium chrysogenum 


1 - ■ -> ~~ \ Jrr - ~ 


Pentamer 




Pentose C 5 Phosphates 


Oli*o qi J ill J) , _**<L»jM ^SnLwJI 0LL1 ai 


Pentose phosphate »shunt» 


« j oil \ a^Ji aL <J-^ 


Pentose phosphate cycle 




Pentose phosphate pathway 




Peptidoglycan 




Perfusion cultures 




Peripheral blood 


z r 


Periplasmic space 




Permeabilised cells 


isSlij U-l>o- J lOU>- 
^ • r - 


Permeabilization 


A^wilj jl o_Li^s jj^^ ^wij" 


Permeable 


C ■ 


Peroxidase/Catalase 


Li IS* j y \ J j*j 


Peroxidases 




Peroxisome 




pH gradient 
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Phage display libraries olJUJl ^ y cjUSC* 

Phagemid vectors juLs^Li LSI y 

Phagocytes i^JJl 



Pharmaceutical 



Pharmaceutical industry iJl iptuaJI 

Pharmacokinetics Lsl _jjJl ^jLS ^-1 

Pharmacophores S_3l jjJI J* I 

Pharming iJN-u^Jl ls-\ jjJI 

Phase contrast jjJaJl 

pH-controlling agent jjL^Jl *j yl Jw> J^U 

Phenanthrene tj-Lr^ 

Phenotype ^ y>iyi JaJl i^jli-l i~lSLiJl cjIL^JI 

Phenoxy acetic acid Ji-I j _ J ^ yj 

Phenyl acetic acid Ji-I J^J 

Phenyl ethyl alcohol J^M I J_^i J y>£ 

Phenylalanine J-i 

Phenylpropanoid Jri 5 

Phleomycin /^U^Ji 

Phosphatase cjLL- y]l (Uljl) ^kS ^y' 

Phospho Fructokinase j^y 5 ' oLL-i 5 y~J> ^ 

Phosphodiester y^)H ^Li oLL-y 

Phosphoenol pyruvate J y_l y 

Phosphoenol pyruvate dehydratase olij^jli Jy,l y]| ^ *UJ Jjy ^jj' 
Phosphoenolpyruvate carboxykinase oli j^l J y,l y— yi\ ^£y£ I y^J> ^ 

Phosphofructokinase jLAS' y5 y y_- y <. jySy y~« y S y~i ^jJ 

Phosphogluconate dehydaratase y]| ^ M Jj_y ^ 

Phosphogluconate dehydrogenase cjUy'y* y <y ^ jj-Lfll Jj.y 

Phosphoglycero mutase y~" y &i£ 

Phosphoglycerol kinase J Jjr As- y s I 

Phosphorylated y_ii 
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Phosphorylation 




Phosphotyrosyl 




bioreactors-Photo 




Photolithography 




Photoutotroph 




Phylogenetic relation-ships 




Physical map 




Physiology 




Phy to alexins 


oil .JxJl j^LuaJl t ol jj*-ljJI 


Phytoanticipins 


oil ;jl 


Pi(Inorganic Phosphate) 




Picoline 




Piezophiles 


( v l*t - . 


Pilot- plant 


O s^J Cj|jj>- a 

— " c- J 


Pipetting 


^j*t«j t o^-X^ ^»L?t>-l k_^t»j 


Pituitary tumour 




Plant breeding 




Plant tissue culture 




Plant wastes 




Plaque forming unit 




Plasma 




plasma resonance 




Plasmid 




Plasminogen activator mutein 




Platelets 


\ 


Ploidy 




Plug flow 




Plug flow reactor (PFR) 




Pneumonia 




Point mutation 
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Polarity 




Pollinators 


>JJaJl jLe , J Cjb-Jiiil 


Polluters 




Poly A mRNA tail 


Jj-jJI RNA JJ uiXoSfl jJuo Jii 


Poly unsaturated 


(_■ r 


Polyacetic acid 




Polyacrylate 




x^uiy dcuuc-poiy giy coiiuc 


I V tf* *vl • tt * I - 1 l~C\M v 1 - 

Jj 2 jXj^AjOI 3 JjCU _Cui 2 1 JJXU 


x^uiy duciiy idLiuii 




IT (JiyClLJIldl dilllaCld 


d-U^-^Ji O-oC^o cOL^a^o Jwwl 


poiy cyclic di unidiic nyui ucdi uuiis 




(PAH) 




Polyenes 




Polyethylene glycol (PEG) 


J j^-lS" ^j— ) J, jj 


polyhydrosis 




Polyketides 




Polypeptide 




Polyphenols 




Polyploidy 




Polysaccharides 




Polysaccharides 




Polyunsaturated 


• J j . J J J 


polyunsaturated fatty acids 




Polyurethane 


0 Li-J J aJ / 1 aJ 


Poly-butyrate 




Pooled blood products 




Population 




porous 


^1 — « 


Porphyrins 




Positive effector 
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Post recovery processing ^U- L» cjU-L« 

Post-transcriptional modifications _Uj U o^-bc 

Potency iJUi 

clinical studies-Pre Vxr" Jr 5 ^L-b 3 

Precursors JUL, cjL5 y 

Pre-mix liL_« kJ^ 

Primary screening iJ ji <L^p 

Primary transcript iJ ji cjL^j^. 

Primate neural oU~3jl LtAs- 

Primer extension analysis Uldl Jij^ 
Primer oligonucleotides JpILJI ^aL a J jj J Ji' J j yj /\ 

Primers ^Lf. t 55jL ! jU 

Prions oli jj^JI 

Pro insulin ^j^jMI SjL 

Probability JL^I 

Probes ^L^, <.^jL_^ 



Prochem 



Procursor metabolites cjLU^ jl y> 

Product formation kinetics J-SLi; ^jLS^ 

Productivity Vr^l 

Products JpUJI »;l ^ t cjU^UI 

Profile y^ i*U_- 

Programmed cell death ii_*kM 

Pro-inflammatory mediator ^jI^JNI ^jL. .k^j 
Prokaryotic 
Proline 
Promoter 
Proofreading 

Propane g jU ^l>j^ 

Propanediol J^j ^.Lj^ 
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Propanoic acid 




Propanol 




Prophage 




Propionate 


vjljlj yj J y 


Propionibacterium 




Propionic 




Propodium iodide 




Proportional 




Pro-sequence 


LpV (J 


Protease/proteolytic enzyme 


j^pJji 4 dtt^J J-^ fijfi 


Protein aggregation 


- V - (J 


Protein carriers 


4~L3 a J , Lai qJ>- 


Protein fusion 


>cJj *oL>-Lo Jul 


Protein kinase 




Protein sequencing 




Protein-DNA binding assays 


DNA Jl £. ^j^Jl I»Llj1 oljLi-l 


Protein-encoding genes 


Cjlj-oj^Jl o jJ3-Jj ^j-**-^ 1 Cjll*>- jl CjIjjj^ 


Proteolysis 




Proteolytic fragment 


^Jl J-^Jl *l j^- 


Proteome 




Proteomic 


^i_L_« iJ t J ~ p -Jl 4-^1 O 


Protocol 




Proton motive force (PMF) 




Protoplast 




Pseudogene 




Pseudoplastic fluids 


A^jLkil ifljlj JjI j— 


Psychrophilic 


O^Jj-JJ jl dw3ji?xd.l Ojl ^£-1 OU>-jjJ <*>til 


Pulp 


* j L-JJ 1 /<j5j Jl 


Pulse naturtion 


j^vaJ J ^L*U ^j^JaJl J^LjJl JflUJ>- 


Pulsed-field gel electrophoresis (PFGE) 
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Pumice stone 

Purines 

Purity 

PutativeProtein 
Pyranoses 
Pyrimidine 
Pyrophosphate PPi 
Pyrovate 

Pyruvate carboxylase 
Pyruvate dehaydrogenase 
Pyruvate kinase 
Pyruvate-formate lyase 
Pyruvic acid 
Racemic 

Radial flow rushton turbines 
Radioactivity 
Radioimmunoassays 
Radiolabeled 

Randomly amplified polymorphic 

DNA (RAPD) 

Range 

Rate 

Rate equations 
Rate limiting 
Rate-limiting step 
Reactants 
Reactive reagents 
Reactor-adapted membranes 
Reading frame 
Reagents 



L5* 



cjjjcs jl j\ d ,.J 
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Real time PCR (RT-PCR) 




, JUbLloiJlPCRJl 


Real-time information 




LgJ ^fl> 0~3j 0>Lo 


Receptor 






Recessive 






Reciprocal 






Recircularisation 




, c jIj , LSLi ,11 s-U- il 


Reckettisial infections 






Recombinant 






Recombinant DNA 




cjj-iU DNA 


Recombination 






Recovery 






Redox 




Redox half reaction 






Reducing 






Reducing power 






Reductant 






Reductase 






Reduction 






Redundant codons 






Reference compounds 






Refraction properties 






Regenerative medicine 






Regime analysis 






Regioselectivity 






Regulatory and safety aspects 






Regulatory genes 






Regulatory protein 






Regulons 




f^^o Ja^yj C»»ta kJLjLj j y* ^jf- 


Reinforced core particles 






Relapsing-rimitting (MS) 
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Rennet 
Reoxidation 
Replication 
Replication fork 
Replication origins 
Replicative 
Reporter gene 
Reporter genes 
Repressor 

Repressor binding site = operator 

Reproducible 

Residence time 

Residues 

Resins 

Respiratory chain 
Respiratory quotient = RQ 
Respiratory syncytal virus 
Resting cells 
Restricting 

Restriction endonucleases 

Restriction enzyme 

Restriction enzyme-mediated 
integration (REMI) 

Restriction fragment length 
polymorphism (RFLP) 

Restriction maps 
Restriction Site 
Retro-biosynthetic approach 
Retrovirus vaccine 
Reverse glycolysis 



S-i— SI oiLc-l 

5i^Ui<JJ Jjli 

^j.-jU- t^tjLS" tc-olS" 



A-tUjJl j 4... a"Jl ^Ll^JNl 

i^^Ll ol^/ilL DNA Jl 
d_woj^l«i.l ^jSlwJl a^-Lo-p 
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Reverse transcriptase 
Reversed electron transport 
Reversible 
Rheology 

Rheumatoid arthritis 

Ribonuclease 

Ribose 

Ribosomal RNA 
Ribosomal synthetic pathway 
Ribosome binding site 
Right angle light scatter (RALS) 
Ripened 

RNA dependent-DNA polymerase 

RNA polymerase 

RNAi 

Robotic printer 

Robotics 

Roller bottles 

Rotary vaccum filter 

synonymous codon usage = RSCU 

Relative 
Rule of thumb 
Rushton disc turbines 
S-2 Chloropropionic acid 
Saccharide acceptors 
Saccharification 

Salicylate 
Salmonella 
Sandia virus 



J^Ull ^l^Jl 



RNA 

RNA Jl . Jli 0 U Jui«j DNA S^Jj ^jil 

RNA J I jl^J_« iRNA S^Jj 

J>.jdl RNA J I 



SJLpli 



t^Lj^o^ ^j^j^-IS" ^jjz^- S-2 
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Saprophytic 




SARS 


ojU-I 4... avJl isj^hll 


Saturated fatty acyl 


C ST^ 


Scale down approach 


c (J " .J 


Scale-up 




Scattered light 




ScFv (single chain Fv fragment) 


21—LJl jidl Fv SiJji 


Schiff base 


Schiff 5 jl*U 


Screen for 




Scurvy 




Secondary immune response 


- ■ 


Secondary metabolism 




Secondary metabolites 




Secondary screening 




Secondary structures 




Secretion vectors 




Segregated 




Selectable Marker gene 




Selection marker 




Selective pressure 




Self-tolerance 


, jlJUl , L^xJl 


Semi-batch 




Semi-permeable membrane 




Semi-synthetic 




Sense 




Sen?) heaHs 




Separation factor 




Sepharose 




Sepsis 




Sequencing 


aJumJluu 
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Serine 
Serum 

Sesquiterpenes 

Set-up 

Shake flask 

Shear forces 

Shelf-life 

Shift 

Shoots 

Shotgun cloning 
SH-sugars 

Shuttle or bifunctional vectors 

Shuttle vector 

Side chains 

Sigmoidal 

Signal peptide 

Signal sequence 

Signaling 

Silica 

Silicates 

Silicon 

Similium 

Simple photometric adsorbancy 
measurement 

Simulation 

Single cross-over recombination 
Single Stereospecific hydroxylation 
Single valency 
Single-chain precursor 
Single-site mutations 



<Lp| jjtJI <Lt jjl i>-jJ^JI /ys 4_L^ 

jilScJl Jus- j 
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Single-stranded 
Sinusities 

Site direct mutagenesis 

Site-specific cross-over 

Site-specific integration/excision 

Site-specific transposition 

Sitosterol 

Small scale 

Smear 

Sodium dodecyl sulphate - 

polyacrylamide gel electrophoresis 

(SDS-PAGE) 

Software 

Solid support 

Solidification 

Solubility 

Somatic cells 

Somatic mutation 

Somatic re-arrangements of the genes 

Somatotropin 

Sorbitol 

Southern blotting 

Spacers 

Sparging 

Special combination 

Species 

Specific 

Specific aldolase 

Specific conversion rate of 
compound i 



(_)_^ ^.."...*i^. T . 



U-l 



£.1 ^Jl 



«i» ^^JJ ^ Jj_pdl 
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Specific growth rate 

Specific substrate uptake rate 

specificity 

Spectrometry 

Spectrophotometer 

Spent medium 

Spinner flask 

Splicing 

Spodoptera frujiperd 

Spore 

Spores 

Sporulation 

ST Louis 

Stabilizers 

Staining 

Standard 

Standard composition 

Standard enthalpy of formation 

Standard Gibbs energy of formation 

Standards and controls 

Start codon 

Stationary phase 

steady-state continuous-cultures 

Stereoselectivity 

Steric effect 

Steric hindrance 

Steroids 

Sterol 

Stimulons 

Stirred tank reactor 



^jpLo-JI j^pjj-S cJL^ ^L^jJI 

ijUll (yJlaj) UJ-IjJI 3lt 
^jSoU i->jL*il ''^—r" 

^I^JI JJUJI 

li ^J^a Oli CjIjjj^o 
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Stoichiometric coefficient 
Stoichiometric production 
Stoichiometry 
Stop codon 

Strain improvement programs 

Strains 

strand 

Streptococci 

Streptococcus pneumoniae 

Streptococcus pyogenes 

Streptogramins 

Structural function 

Structural gene 

Sub-class 

Sub-cultures 

Submerged culture 

Submerged fermentation process 

Suboptimal 

Substituted phenol 

Substrate 

Substrate concentration gradient 

Substrate maintenance coefficient 

Substrate-level phosphorylation 

Substructure 

Subtilisin 

Sub-type 

Succinate 

Succinate dehydrogenase 
Succinate thiokinase 
Succinic acid 
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Succinyl-coA 
Sucrose 

Sugar over-flow metabolism 
Sulphate ion 

Sulphate reducing bacteria 

sulphide ion 

Sulphite 

Sulphonamides 

Sulphydryl group 

Supercoiling 

Super-critical fluids 
Supernatant 

Surface immunoglobulin 
Surface tension 
Surfactant 

Surrogate host microorganism 

Suspension 

Suspension cultures 

Sustainability 

Switch to 

Synteny 

synthetic gene 

Synthons 

Syrups 

Systems biology 
Tagging 
Tandem 
Tangential Flow 
Tansglycosidation 



DNA Jl ^iUJlj 

>^ 3 JjI Jl 

aL-Xj 4jLw2^ oLjLS" 
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Taq polymerase 




Target DNA 


^i^J.IDNAJl 


Tartrate 




TATA box 




TCA 




T-cell antigen-specific recognition 




T-cells 




Telithromycine 




Temperature correction 




Temperature-stable 


Li jl j>- Co Ij 


Template 




Tension 




Teratogenic 




Terminal alkenes 




Terminal nucleotide sequence 




Terminator 




Tern over 




Terpenoids 




Tertiary structure 




Tetanus vaccine 




Tetracyclines 




Tetrahydrofuran 




Tetrapoid 


<S.*.s2..} A^^aJl ^^c-Ltj 


Tetrasccharides 




Tetrose C 4 Phosphate 




Therapeutic index 


^">UJl UjJI 


Thermocycler 


PCRJl 5JT 


Thermodynamic 




Thermophiles 




Thermostability 
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Thioester 
Thiosulphate ion 

Third-degree polynomial equation 

Threonine 

Thrombin 

Thymine 

Time-lapse movie 

Tissue plasminogen activator(tPA) 

Titers 

Tonic 

Topoisomerase 
Topology 
Top-spray 
Totipotency 

Toxic substances control act (TSCA) 

Toxicity 

Toxin 

T-phages 

Transcription 

Transcription factor 

Transcription initiation site 

Transcription terminator 

Transcriptional complex 
Transcriptional maps 
Transcriptional profile 
Transcriptional reporter 
Transcriptional start point = tsp 
Transcriptional units 
Transcriptome 



5iJbJl A^-jjJl J-a jJL^-l O-Oua 5Jiljca 




TiJUJl 

frL(Al ojLil — £c_«jJl ^Ju^ ojL^il) ^JU yA 
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Transducing particles 


1 - 


Transductant 




Transduction 


,* '-"J 1 


Transduction pathway 




Trans-esterification 




Transfection 




Transformant 


<.DNA Jl cilJ ^Jl Sj^il L,">UM 


Transformation 




Transformation genetic 


, plj J , M 


Transformation vectors 


L jpJI 151 ,J 


Transgenic 




Transgenic animals 


LjI ^>j.l cjUI q_^I 


Transition metal 




Transketolase 




Translation 




Translation signal 


i?- jJl tjj 0 iLSI 

• j . v * 


Translation start codon 




Translocase 




Translocon 


0 jS _ji_Jl _y j I J tail ill 


Transmembrane domains 




Transplant rejection 


ip p '11 ^LaP^U „ — J-l , i 

v ^ la v 


Transponation 




Transport systems 


u 1 


Transposon 




Triacylglycerols 




Tricarboxylic acid cycle 




Trichoplusa ni 




Triose phosphate isomerase 




Triterpenes 




tRNA 


JiUl RNAJI «^j>. 
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Tropan alkaloids 


i'lL, . Jl JlSCI! 


A 1 \J UU LJlldaC 


1 UVj l-vi - , a * . \\ *t \ _ 


TVvtrfir* nmHnpl" 

iiyu Ll^ LJ1 \J\A U.^ 1 


- ;L I /• h* Lit I ii -ii -,1 - 


1 1 j ULUUllall jy 11 L11C la&C 


Ma - -tl " I -1 


Tufits 




Tumour-associated antigen 


it - ■ i -t i i • - 1 1 


Turbidostat 




Turbulance 




Turnover 


^ >"^\_3_J 1 OJJ^ — ~~ ^.■■'■■■/3J ojj^ 


Two-Dimensional polyacrylamide 




gci ciccli vjuiivji coio yz* i—j i / \ v j j 




Two-site ELISA 




Tylosin 


Jl-JI 


Tvne T diabetes 


1 s .Ii .. , < II .1, 

1 X a^J 1 (S iJWJ 1 P-U 


Tyrocidins 


,. 1 . . „ 1 1 


Tyrosine 




Ultra nitration 




Ultrasonic 




Unbaffled stirred bioreactor 


<s_o_laJw« C-> lis *>L>^j qSj^-a 4_j j— >- C->*>Lf-L4_* 







U ndiff erentiated 




Unprotonated compound 




Unsaturated fatty acyl 




T In Qt rn r*tii rf*H mnHf 1 ! 


r • ill V *tl 


Upstream 




Upstream activation sequence (UAS) 




Upstream repression sequence (URS) 


^^pI .k-ia J 1 j 


Upward-pumping axial flow turbine 






>' Jl 


Uracil 
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Urea 
Urease 
Uridine 
Vaccinia virus 
Vacuole 

Van der Waal forces 

Vancomycin 

Vector 

Vector-based antibiotic resitance 
gene 

Vegetative 
Verbal 

Vesicular transporter 
V H 

Video/Photomicroscopy 

Vinyl alcohols 

Vinyl pyrrolidone 

Viral particles 

Viral plaque 

Virginamycine 

Virulence genes (Vir genes) 

V L 

Volumetric formation rate 
Volumetric productivity 
Volumetric productivity 
Volumetric rate 
Vortexing 

V-region (variable region) 

V-segment 

Warping software 



van der Waal fj y 

5 yj>- y>\ <Ljj_^M ol^Lviil OjLLd Oj j-A 

JShJl 

(iUill JUUI <y ilkil ^ILi) V H 

(iiui-M <UuJuJl o ^^jcdl A^kdl ^UaS) Vl 

(ijJci\ iakll) V-iikil 

V-ijJaiil 
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Washed out 
Water activity 
Well-defined 
Western blot 

Wild type 

Wine stabilization 

Wood pulp 

Working stock culture 
Wort 

Xenoimmunisation 

Xenotransplantation 

X-ray 

X-ray diffraction 
Xylan 
Xylanase 
Xylose 

Yeast artificial chromosomes (YAC ) 
Yeast one-hybrid system 
Yeast two-hybrid system 
Yield 

Yield coefficient of biomass per 
substrate, incl. maintenance 

Yield exclusive maintenance 

Yield of biomass x on compound «i» 

Zithromax 

ZnS 

a-amylases 
a-helix 

P - galactosidase 



ioL> iJUi 

^^*J>r g 7 l| ^ .. ' .. Q .7.l I 

4..:.., 1 1 ixJiMl 

4..:.... 1 1 ix-SMl ijl 

jU%JI 

^pLk^^l S j~»3-l ^ 

liJjl SjL» J-£J ijj— i-l 5-L^Jl *Lk* J_«L*_« 
p-LSJI s-UiP L-o .,1-77.3 

S-UJI S-Lkp c-l'..7.7...^lj 

«i» ^Jjll Jp «X» ijJ-l iBOl Jj~a^ 
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p - lactamase 

P - cellooligosaccharides 

P - lactam 
P - oxidation 
P - sheets 



jUl^S - *^ Luj cjL>j til 

L~j Jajl Jjj ikjl jllI 4jj jJ j-L-JI jiv-Jl CJ*>Lli 

4 t 1 



1208 



1 94 (75 (61 : 4 , : . /VI ^L^Vl 
895 (554 (551 (550 (547 c 148 

585 :oLjLJ_L_ 

576-573 : t j c ^jJj™>l _ L _ 

582 :jU_^^_L_ 

(576 (574 (573 : ^ j_, j_5 _ L _ 

577 

(553 (549 :oL_*LJj_JlJ>_L _ 
563 c561 (559-557 

581 (579 :^JVI J^Li_L_ 

-566 (564 (563 : Cj-^-i^ -L- 
578 (571 (569 

-642 (640 s.61 : 5_jjsjJI ^U^SlI 
649 (644 

81 ! <l*^JLoJ! «tw<jj>t*xJl ^sLo-?-*^! 

591 : h r A*}\ ^Us-Vl 

156 c 108 1 67 (61 i^j^Jl^U^Vl 

iJUJl 4-LLJl Li I jt- y yj SH\ jLls-l 

260 (208 :*bVl 

12 



429 oYl 
1070 : i^LJl oliUd^l jliol 

446 : jvi^dlj ijn... II ^rj 

914 : i°/jj>\ ^SM 
211 ; <uLa;_^- »L™>-I 
1 1033 (411 ,> lift .„. r Sfl 

1067 (1043 (1042 ( 1035 

1065 : ^j-iLJl 5jLaJI .L^-Vl 

856 : Jj^Jl ioLaoJI j»L_^-Vl 

( 838 ; <iL™Jl oj^j^j ejl <J| aL^-VI 
1065 (1049 (855 

444 : SJLSGl ciJs J^L-J l}^>~\ 

379 : tijS^Jl jLJI 

(379 : isj-^j^Jl ^ysl^iVl jLf>- - 

382 

: ^^jVl £>5>Jl JLjJI jL^r _ 

379 

9 



174 : jjJJl 5*^1 994 : >LxJl jJ> Jlj^-Vl 

696 : ^y^\ 122 : J>^c]\ J|j^-VI 

514 : OUSljJI j-lw>l 969 t 409 -407 *405 : ^L^oMI 

326 : <>Lk^Ml oVL£)[| 65 : oLL. jiJl ^J^ti ^ _^/Vl 

213 : Q > iaJl o*l ^Jl jLt! 154 : t ^j! 

245 *238:^^1*1=11 854 :Jjj&}UJl J»Lj 



J 1 



240 : ol >k)l r ldl 854 : ^Jj% - 

677 : oLJl jjjjj 5jUI 854 : c1 ^~*/VL_ 

551 :UpjuJI 292 :*>^-^l 

512 : ^>i£l > iip! 293 : ^ ^ ^ 
396 *395 :j2li!l^^l v^l 215 : JJb i^Jjl 



395 : (_£ j^^Jl ^wJi jJl i-Ltl 
425 : Sjj ^Ul oU-^Jl jl 
253 : (ioL» 4j jJai ioU) (j-^-S' _ji">lil 
972 : US'jLi: oUjjiVi jl j&\ 
453 : JJu-*Jl oLjU^SI 
739 : ulUl j-r^Sfl 
269 :j~^>\ (.UdMl 
202 : jA\ j^Jl (.UiJVl 



464 : *_~,l ^1 iiljl 
463 : ijjsJl ikSGl SJIjl 
374 :*Ul SJIjl 
528 : Sj_j~>JI <bUJI ^ oljU±^*yi 
617 iSji-SlI 
401 *399 c398 ^^U^Ml 
398 : - JSL- ^^Uju-I 
118 jl yfc-VI 

93 y^l ^^liu^l 



202 • , jl^JI pl^d^l 

( ^ 8 ^ r 511 :£L£L,VI 



635 :c~i. 



688 : U\ jjOUI iiUJl SJ^Ml 
82 : SL> iL±, oli . ^ ^ | _ ^ ( 

: ^yjljjJul II f- yja]\ ^Laia] 436 



208 



392 : 436 : ^oJl 
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1 266 : j jjLJl ^ J-pliJi j^^j jj j»_jjJ 

776 



c 164 1 149 :DNA Jl 5 



178 (.176 



1 173 1 147 :RNA Jl Sj_ 

197 1 184 

167 1 165 : «i3U» S^Ju 

583 ! jlxiw (jLs ^y^j jj f*~ , j J 

101 ! cj! ^x«Jl *u^ji ^y\s>u 



102 



161 : I Jj| j>lJj_JJjJ 

204 ! t* - *^ 



565 



842 : jlJLww- j JjJl ^ 
160 : oLL» jiJl jxJas j»_>jj 



563 



81 ; j^*^ 

c 178 c 161 c 158 :DNAJI JvJ*j^ 

180 

265 : j j^^l JJ^JI ^jj 
86 t 85 : ATP _1J ^uJl jw^Sf 
199 : Ljt ~£*S\ ^ — LSI ^ 
794 t775 

716 : iL-^l oL ij 
816 t809 :iLUJl oU^\l 
158 1 157 iaj^^JIoU^N 



878 «.571 :LJj-Vl 
423 :tij~>Jl j^Ml 

! <\J_™jJl oJ~LxJL<i e^l ■ /? i Jl ./> a\ ^-ijj 

1044 
261 l^'j Jl g-l^l 
290 : ^JJl ^^i^J Lpjj^I 
71 1 ; j^oJJL Lj->Jl oljLvio ^Ljj 
109 : JjJl j^Jl ^bJl 

832 : oU Jj: ij 
833 :UJ!_ jj^J^I- 
833 jj^i^^l- 
834 :UU_ jj^i ^l_ 
52 : l-j^J^I ^ DNA Jl 

905 : ofLJl *L&I 
152 : ±*aj%]\ JLol 
153 : jl JU&Ml 



848 : .<J . 



21 



Jul 



t229 i^L^lJI 



JUL ^UjJ^/I 
234 



232 : jl^UI ^UjJI 

oL«_jjjVL) j_pI_^oJI ^L^J-J^I 
235 : ajj-^-JI 

627 J I c j jjJol 

265 ! (Jj_>lJL~<>Jl 3J-«*SI ^jjjl 

981 1 781 : jjSjliJ I jjjj piji 
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371 : Jc—jL* '^rVjl 




547 : .J i ?cA^\ 


154 


847 ! .^y t jJ— wvj| 


108 : jjl J1>J oL-^SM 


290 : Jl^IoJI 


569 : ^Ul JJl^I oLj 


94 c89 : J\jy*-^\ 


795 : e-Lkdl oL^i 


698 : JipL^JI ^_Sfl 


814 :5jLiJl oUijpVl 


894 : ^ ^liil oLJl 


794 : J\y^>\ ^JLJI oUjjjl 


66 :^Jl^> 


799 : jlJujjS^UJI oUjjjl 


505 : t^LLI 


801 oU^Sfl 


547 tlJ^.J 


798 t797 :j^u!_U]!oUi^l 


600 : aJJjwJI oUjjS/I 


997 : a^J! oUijiVl 




268 : ^iLiJ^lJ oJ^L™a oL-> jJl 


244 : , l^ljc\i , Lpli: otal 


1015 : VSjLlS Sjjjw oUjjj! 


32-29 l^jjMl ^jjUI 


976 t949 :i)j>Jl oL^I 


729 ! oLi™ujj ^xSCJl 


512 : Lol jj i^Jj^Jl oLjjj^l 


729 :oLJjJl 


986 : Jjj ^^UJl o^liU oUjjjl 


727 : a-jjs.jJI ol J-x™Jl 


795 : jj^l oUjjjI 


727 '. ^j^vjLa^Jol^ _ 


830 t 829 t207 c25 :<>Jj>~/Vl 


726 : \ j5LJl ol J-x™Jl 


264 : j^j ^ _ 


544 oUI^ 


368 : jljjjJl oU»_^jl 


554 : r ikdl 


186 ! 1 J aJiLJI J 9 -Jl 7-\^>\ <U igj] 


554 :SL JJI «l 


116 I <ul>l "^Nl ji'll 2 ■> Igj] 


761 : MATLAB 


^j^sJl ^ j-j-JtJi J-iljH 3-tJaJl 


919 t 827 :oLJ Jv Jl 


858 : wuJl 


839 : ^UjJ^I oLj_>^ 


745 : ^ijJjI-j-jL- t^jjij! 
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157 ! Ijj j^- a ->\ ^J-s3 j-o-jti L j*zSL> 



t 826 c 817 



842 t 828 



1 627 : Polyhydroxyalkanoate j-> 

628 

152 : jl _y3Vl -Vi"^ 
153 : 2tf>^Jl olJ^j^Ul 
398 rojjJJl 
635 ij^jJjJl 
373 :^LJl itJl 
773 : .» ^Julj cli^ 



fttsJl 
-it 



205 : J^LJl 
192 i^jajJl ^liJl 
190 1 189 : j>uJI ^Uhil 
226 :^>~Jl 
862 ; <bj./7«Jl oL^uj 
862 : JiU^Jl £jJ5I_ 

862 

217 i^JUxJl 

405 : JjLJI 
388 : J^i) 
402 ojJLdl 
102 : oLi*p 
481 : ^r&Vl t-^dl 



267 : <L> JJl oLJj Jl 
268 : AJaJJl oL^kiJl ^ _ 
105 ; p-^I oUx^a jji^j ^j-jjjJl 
807 : ^U-JiJl aJLp iij-iLJl oLJj Jl 
196 c 195 c 193 

479 y tjil^l 

515 : ajj~>JI 
513 : iju«Jl 
194 :DNA Jl iwa; 
194 : ^ _j~>Jl <lwsJI 
522 : L^SJI 
909 : ^JjjJl S;* ^Vl 

94 : L5jl I ^ 
165 ! ^-jSwI^S'l t j- k 'j- ,a j^^-> 
146 ! j jj>\J-«>» j-w«jLa jjo ^^vJl L j^xSnj 
151 *!)Lo j^>-L*>» L j^xSnj 



70 : , V.JL3 



204 : ^jlS ^ ^5 jJJl 
145 : JikJl Jlp s^Jl Ljj^JI 
92 : oLLLJJ iJjx^Jl l^SLJl 

674 : 2L3I y^l L^SUl 
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875 : ol^Ul «£\ J 391 :*5y&)\ 

145 : j jjj^—Jl y 464 : ^JJl>^]\ 

511 : oULJl J-^l'j Ojj 911 

444 : ^^-Ul jl^xJl Jc^j^l 911 oU>>«Jl_ 

392 c 391 911 : ^.j^Ul oU>>«Jl _ 

1060 1 1058 1 1057 :^LJI L-™-^! 475 : ycJl juju>J 

463 : (Tj^Jl i^y 697 : ^ j^JI j~^dl 

383 c378 997 : ^Uo^l ^j^l 

383 : 5*ijJI 1° 8 oL-^SlI J1>J 

383 : ^u^Jl ^^Jl _ 665 : ^1 ^\ ^ j) jj\ JUdl 

396:^^16^1^^ 197 : J^IRNAJI^-J J-Uj 

396 : ^jUJI ^J^l 269 : JiJ >c}\ 

396 1 395 : jiliJl ^Ji ^Jl 235 : M 2 ^ 1 oLJaiil 

408 t 405 : >!l 914 : obUl _y__pj 

143 228 :^UjJMI Jj^pJl 

387:^^1 137 :SJL-SVli J^pdl 

463 : ^J^l jjS'y 953 t939 J^j^dl 

299 : r Ui>l ^ j^l 227 : Ja-iJl >i3l J,_pJ 

425 : ikS3l J 225 : oL JhJ^\ Jj_pJ 

258 ; j» ^i~>Jl o">1™L™j 128 ; (_£ yS i j^>J^j 

855 : j j^jj Ihjki J*^\ v j-^ 1 283 ' 98 : ^Vl jiJG 

494 : tijljxJl JJoiJl 299 c281 :J^laJl JiX 

368 ijJwaJl 299 c281 : g-jUJl Jia; 

378 :ol^dl 298 : ^1 j&\ 
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511 : f J\ Jt >l\ oLi* 
556 ; a ^~>Jl oLxaj 
700 : <u^Jl i^JU-a oLJ£ 
957 : <^yJ\ j^kJl 

925 : .kid I 2u5j" 
1056 c 1054 : iJUJL. ^ yJl 1^5 



1064 : jjJuUI jUJI 
198 c 197 : Nuclease SI aJU; 

208 : ^uU; 
682 : J\ Jlw^I ^U: 

682 : (jJljfJl -L~>dl 

i 173 : (J-J jJI (_5 j^>^J\ ^Ju^Jl iiUj 

174 

199-197 : JpliJl [pi Jjjk," ^U; 

48 : i^pljjJl 4jj~>JI iiLidl 

773 : j*jy!>U iiUJl 

1 889 : 4-JL.Jl LJukU 4_>j-j>JI JJljLJl 
929 t920 t894 c 891 

194 1 177 1 174 :DNAJI iLJu. i;U: 

207 ; oLJjjJl <lLJl-o 5JUj 

213 : JUJI jiaJl oli oUlidl 

508 : Jj_y>^\ «^a£\ oUU: 

201 : oL~>Jl #L>cJl <Luj 

23 ; 

201 '. j*>iaj\ <j-?Jl <uJLi 



313 : hj^i] o'^g-U-<Jl ,i 
101 : "U^^jJl ( j^>L*^ > ^l 

913 t 896 : oj-Jl ^x^dl 
987 t986 : oU^LJl o">Ui 

207 :^L^JI ^sflJl 

1067 : jJjvaJl 

172 : J?l JLJt ^U^Jl ji^^Jl 

364 : j^-J^idl 

364 : j»-iwaiJl i>-jj _ 

809 t787 : ^ijJl ^ ^^Jl ^JkJl 

24 : <bj~»Jl <ul£Jl 

1017 : LSjLi: oLw^Sfl JjJL*: 

890 : oUUl (» ^ JjJL*3 

697 : JL.,.A'cJl 

464 : cJJjdl j k_Judl 

122 :SJUi\l JsLL" 

404 : "ojl^ J^L J^li; 

1 164 1 154 : J-Jl^uJI S^JJl J^IA; 
1055 t778 t523 t 246 t 242 

404 : JLLdl JpU; 

174 : ^yj-^Jl JLj o"Apli; 

292 : "o^JJl o">UU; 

292 i^j-^JI 

64 : aJl^JI j oMpLi: 

992 : SjJ>JI o^Uli; 
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497 : tij~>Jl 

404 : A^idl 
701 : a-^-jJj^JI ajj^JI 
276 : Ji£j| oUjl^J 
502 



t 304 : (oLl^j^) ^U^Jl c^liJl 

307 



295 : dKiJl btt 

517 : y>^c]\ isUj 

169 ^Jii) 



t 924 1 915 t 909 : a_. _ 



927 



349 : OoWl ol^r 

780 :oUi/Vl 
40 : 1x5 ijSCJLJl ^Lx^Jl 
671 : ObJl v-^r 
404 : ^^Jl-i^UJl jl^r 
156 : tijS^Jl j>JI jl^ 
445 : a^jLJI L^UJl ^Li jL^»- 
494 : J?yJ> ^iLk* 

1044 :ipLJl jl^r 



693 : tij-^l dLpjdl 

29 : oipVl i>Jlc. 

40 c27 t26 ■■J\ JJ i\ JdJ^JI S~2> 

53 c52-50 loUI^I Jlp_ 

t47 1 46 ;26 i25 loLJl^- 

48 

t46 1 40 t37 t34 : A JjJl _ 

47 

23 ! <u>i ^ju>cJI *uxxj 

25 : < _^ r >Jl 

t42 t28 t24 :DNA Jl L_™ib oLi; 
t 207 c 168 t 164 c 155 t46 c43 
t 1022 t949 c 851 t 849 t809 
1051 tl040 

467 : JUI ciJlSC" 

366 :olk^UJl ^JJlSC" 

462 c461 : ol^^Jl ^iJlSC" 

71 . j ^5" ^XSsJl 

664 : <L~Jl ^jj~>JI jJ _^5cJl 

495 t 487 i46 : ^OkJl 

94 i^j-JI JJudl 

169 ! 1 (Jjj^J 



529 : 



530 : 5j_j~>JI iiliJL ^UJl Jjj^JI 
533 : LjjJl 5i j-tJl J^j-*j 



159 : 
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547 : dLolI^Jl ^jJzas*- 

613 c61 1-608 : diJ^ji>Jl 

-592 t 94 t 88 : dL>j : „, II J^^- 
608 t607 t604 t602 c601 c 599 



215 



.604 



605 

606-604 : l Jr ^\ U^JI _ 
608 : frLJl dl>_ ^yi^>- 

71 : ^iJI ^Syj^S 
618-616 c614 -.S^S-i^J^ 
94 : J-ojJl ^^i^- 
785 : (DNA) &jy$\ ^^i^Jl 
885 <b j^c^Jl J^l _^>Jl 
823 : bljj iJjjwJl oUlj^l 

-t- 

194 :ioLjJJl JaSl >JI 

669 : tw^-ydl jl> 

463 : iki^Jl oUI> 

525 : J^*JI ^w- 

819 : jLJVl L,^- 

143 : 51 jJl SJLb L^UJl 

898 : Ljj^LJI 

t 848 t834 c 819 : oL^JjJl L,^ 
898 t 886 t882 c 875 t 872 t 850 

872 : *1>\j>& 



313 : 
633 c631 : j^UJl 
851 : j^ij iOjJ*> 
224 : oLJaiil oL^ 

■M ya a 4_ajULoJ <L«_~ol «Jl oLw^j>tJl 

45 1 44 : ^_j~>Jl 
510 c 193 1 144 c 143 :*j~*Jl 
212 : ^^x$LJl j»_^^>Jl 
223 : (_$ jJaiJl a _j~>Jl 
139 : Sj *~>Jl ^L^o^ jrfJl 

-c- 

457 ; ol j^j>c^JI j*- 1 ! 11 ^ 
361 : SysO a^^JI 
140 c 1 13 : ^ y yji\ IS y 
485 iL^UJl 
1000 : yz* _ ^-LlSLa cj\J ^ 

121 I JLo yS y^j\ k »L«J>- 

533 : jL±u>^l _UU- ^_jL~>- 
474 : AiiS^I 

194 i^l JJb>Jl 
622 ; LLLojjiw*y I 
619 :diJ^bVl 
71 : tiLijjjlJl jA»> 
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485 c293 : ij y>Jl iVjJ 56 : a^I^JI L">UJl 

293 : ivij^Jl i>-jj 56 : i™^>Jl L">UJl 

632 : jl ju^Ai) 1 865 ( 857 c 820 : ol^i_>Jl L£U- 

_ ...... 886 1 882 1 881 1 878 c 875 1 872 

646 : aJu>JI j jjeo 

647 : o ji^wLJl j jajJI 

489 : jjU jJ^.J JjI 

490 t 489 : SJIj-gJl 3j\jJ3\ 

774 : iJ j _^j^Jl 

479 : «. 

547 : .^.1 tL-yuJ 

_ s _ 



480 : ^UJl L,^- 

480 : k^j ^SLJl L^UJl 

923 t922 c 898 c 897 

878 : ^LU-^U 

375 t 374 

t261 t222 c221 c215 t63 :^JUiJl 

822 

230 : Kluyveromyces lactis I j^i- _ 



StarLink™ ^ L iJjb^Jl SjJJl : ^-A^J-" u-^j-^j "°jr^~ - 

46 139 



525 :^ldUlSjJl <_r^— -^JJ 



t 230 t226 1 63 : 



- ^ - 267 t266 t 264 t255 t 240 t 232 

59:^ t£? Llj 139 r^.UjjlSLJl jSUi- 



148 ! oLi vjI Jl 
969 



612 



_ i _ 



cl96 .194 cl56 : ^L^JI toU^I in 

259 c 244 ...... . v 

1068 

432 : 3>jl 1 126 1 122 . j )>JL ^, 0j|>J L 
335 : jaJjjoj +ij 127 

1218 



rj- 



: DHA ijjjjl io jjLJl LJl^JI o ij j 

658 

- cT - 

329 : 5^ jp>Jl oIjIjlJI 

325 : J-™iJl Jp 
380 c379 : ^^kaJl ip^Jl 
380 c379 :^j^Jlip^Jl 
119 : ^ jJl j^jJI ip^o 
117 (116 ! j^>jJI ^ jj> j^S 
137 :>;~V- 
138 l^.^LiJI ^_ 
270 

265 :Nj 2kJ yj\ cjIJU\ 

—627 : jj jjJl ojJj<jl<>JI oL -Ss_^-J I 
638 (630 

634 (633 : jlSjJ^ j^JlSL. 

554 :b^SJl o^">L. 

153 : kj~*HJ 

86 : j-idl iLJu- 
86 ( 85 : jj >£J)ll J£ iL~L- 
571 : » j-J I oliL* 



890 :BT 



(493 (490 (485 : ^ 

736 (601 (561 



335 : k_i j-il 
335 '. oX^li 



23 



356 : ^UjJI^UI Js 1 



208 : ^ j ^j^LkJl J\ 
505 

- J - 

639 (638 (631 (630 : jliljJl 

81 : ajj^^JI *L^^I itijj 

702 (701 I^ljVl JpIjj 

897 (894 : i^jSfl Jpljj 

49 (48 :iJ^JU*Jl ipljjJl 

(486 (483 (480 (479 : L^UJl *jj 
908 (749 (494 

749 : i*iJJl £jl>Jl Ll»_ 

( 749 : s^oJL^Jl ^jl>Jl - 
759 (756 (751 

848 : oL,Ji)l L%- £jj 

265 (264 : ^ yj| Jv^Jl JMj 

459 : jj^^JI 

654 : 5Jl _j~>Jl o oj Jl 

( 640 ( 627 : io —LoJl i^-LiJl Oj_> j 
662 (660 (656 (654 (653 (650 

: ARA _) <L^J«Jl <0 jjLJl S-JukJl Oj->j 

657 
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246 : jl3jj£Aj> a^-^Jl^ 
522 t 505 c481 : Sjj-^JI iu&JI i*Lv 
801 ipL^ 
550 t 507 liJ^-V^ 1 

939 : ipL^ 
251 : UU (jjj^j 

- J 9 ~ 

355 c353 : \zk^}\ 

_ J*_ 

-128 c 1 19 tll7 c 116 :(i cr ~> r » UVb 
140 c 137 c 134-132 c 130 

797 :SLLJl ol^Lkll 
376 

376 :oL^Jl ^1 > _ 

376 : oLJl^Jl _ 

t376 : ^Jj (j ji o*>U-JLjT^Jl _ 

377 




376 :jLJ3l JJ^I- 
375 : h>X*a}\ _ 
376 : Ljl y>Jl ioJwaJl - 
362 : jl}J>i\ cbU-Vl iL> 



356 JJljJl 
1020 :SJjd^l JJlj~Jl 
421 : JjUjj tj^o^jj^. 
448 t446 : SiikJl itj-ijSM 5 _^a i ~» 
449 : oLS3 Ijk^Ji] 
647 : f-LijJI SJ 

- o* - 

854 : vi^j^^l ^iJl 
1040 1 1039 : V^J^ 1 

46 : ( -^UI iS' jju 

c 521 c 514 : '^ij-^>J\ iJUiJl iSjJi 
538 <. 537 



852 IlUclj. 
797 t792 t790 : y^Jjjiy iS>S 



518 : Packard Inc. 55 jJ. 



176 : i_s _ ? xJlS' iJiJp 
213 I o LlJ j I 5 yL*** 
244 1 210 IaJIjjJI S^LiJl 
773 : .1 Jj_p- 1 1| 

493 ; » j-^-jj jJl <U^vs 
492 t 491 
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Oj-^-LJl J-pLjLj S-JLdJLj t ^_*j>«Jl Jj-C- 

t244 t242 :(PCR) J™_L™j^JI 
249 t248 

156 : jJl ^yiaj>Jl Jj* 

238 :ol >lk!l J^p 

547 : j>J>\ cjL^p 



547 ! t ^J«^j^-«jlS' 



547 : jS S^Ip _ 

349 : iJUJl JJ-b oUp 

754 :^UJI LUJl *lkp 

754 : Lj-^JI ikSOJ Ji^^Ul 4k*Jl 

56 : ^1 yVl 

: S^lSaJl L^UJl Jlp ^^^Jl ^1 
56 1 54 

1068 : jlk^Jl ^">U 

702 : ^LJI 

141 : ^L^* 



890 1 24 :U;>JI *Ls-Sl 
24 : Sj^mJI p-Ls-N 
494 : J^l jLJ^ 
507 : oLJj 
951 :oLjjJU 
890 : S-pIjjJI S^^^Jl SJliJ 
508 t507 :* _^~>J 

1 86 ! 4^3 j^cJI 4j!jjJ 



391 : pU- SJu-p 



227 : » j-iJJl obu^.! j»lJj>ii~ol Si^Js> 

227 JL Ji&ttl Si> 

396 : jXjI ,J~oju 4jL ^ 
183 : ^_U-jJl ^ cJJiidl Si> 
364 : ^^LaLjjJl i_Sj~>Jl J^liJl Si J? 
363 : jii™<Jl (_j j~>Jl J^liJl Si jJs> 
362 : JU^JI JpUJI SJL> 

276 : «tkiJl 
172-170 ij-r^dl SJL> 

227 : L y\j J ^S\ iwJt!l Si jja 

449 : jiij j Si Js> 
684 : oLliJl ^Js. Si Jh 

685 : .kUJL Ji>dlj JyJl Si> 

396 : ^j£l*J| j» ^!>LoVl J—^ Si jJs* 
449 : jJ Si 
178 : j^J S_^_>- j^Jl o ^algll 
580 t560 :SJ|JUJ| ol yikJl 

1015 : jjJ^JI »i ^1 ijSYs "°y>Ui 

311 : jj., .,-.Jl SL'U 

730 : oUIUJl 
123 : SJ jSfl SjLJI ^ j^^Jl 
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532 : ik~»Jl aJu^ 
396 : Z^J, jd\ 5jJLjJI a^Up 
745 : pjjJi 5Ju-p 
85 ! j^«Jl ( J-Jj>cjJ <u^*^*Jl <ul^*Jl 
106 1 66 : 5 yLwiJl aJ^p 
66 : 3 jwjjl - 
91 : V I o jjL«i «_> jp I _ 
82 ; o^9j jjLJl o jjs^3 ^->j>\ — 

106 ! ^j^jjjjl 0 jj2*v-9 — 

82 ! j ^xS" ^j_aJ I CjLL*~3 o jja*v-9 ^j-^ — 
J-.-— > (Wj- 51 - 

83 ! (J jjol jJLvj 

92-89 :5JjVl 

61 t60 : i>Ju~i]| aJ^p 
255 : J-^> ^Ij'sW aJ^p 
160 : J-aUI aJu^- 
378 ! ^^jj jJl ^«^>Jl a^I^p 
191 c 190 i^i^lj^JlU^p 
605 : iJLiLJl ik^>Jl aJU-J aJu-p 
147 :DNAJI aJi^P 
174 : ( _ 5 ™£UJl j^—Jl aJ^p 
82 ij^SjlxJl aJi»£- 

354 : ^sUl j>Jl Jl 



88 : JjS'jiS^Jl ^Miu-I aJ^p 

456 :aJcxJI a~Up 

88 : jj Jl&l U^p 

104 c 102 : kJdl a~Up 

108 c 107 r^UJj^l kJdl aJujp 

Ujjj^sJl j»Jjs oL^S j_o_i k . .*t!| a_Jl«-p 

253 

547 : ^.^Jl JJ^Jl aJ^p 
102 : kc-\:.,r>\ yJi^j aJ^p 

168 c 162 :DNAJI Jjj^JJJu* 
150 : ^IjjJl Jj^>JI iJu-p 
791 t790 : jj^J^Jl Jt *J>c]\ aJi^p 
276 ! j^jL*^JI ^3 ^j-^<>j>tj a~L^p 
99 : jjjj^Jl JiJJ aJ^p 
326 : ^J> ^Jl iJ^-p 
324 : J~~dl aJ^p 
29 : ^jt-lJl aJ^p 
304 : ,_y>-j j^Jl J~i-iJl aJi^p 
385 '. ^c-i j^Jl ^.o ygj 4_Ju>_p 
101 : oUjjj^l aJu^- 
209 1 147 : U^p 
787 '. ^j^z]\ ^jjJ-xJ <uL^p 
902 : J^i^Jl ^-1** 

246 : ^>^f]\ aJ^p 
851 : jj^Jl U^p 
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496 : L^UJ! -ki>- il> 
730 : ( j^aJ_^sj™jjjJI 
479 : Vr&}H aJLp iLyJl 
151 c 150 .ij t£-Jiji> 
464 : J~JJl 
978 : jpUJI ^ *LLp 
428 : ilj^ *L£J> 
46 c41 t 40 -38 :^xuJl ^i^lp 
725 

_ O - 

371 :iJjjJ c^JLj jjj jli 

663 : i^Jus tjjLjLjjli 

530 ; jjjj^kijl 5 

939 : jjJ-j t jjJLSU y 

59 : j^Jl 4jJl™s 

684 : LL^]\ o^U^I 

690 : SjjUdl o">Ud!l 

246 t 223 t 222 : oLjaiil 

t 222 c221 c215 : Ua^JI ob^kiJl 
271 c261 c251 

713 ; c->V> ji j^jjS 

108 : ^yi^j^Jl j^jJI aJuo 

547 : jJlo t J jjii 

461 liiKJl^^i 

603 :oLL-jiJl 



680 : ^1 y^l 

409 t405 t404 rjljx/blloLL* 

367 : JSl^Jl Jliil oLU 

t69 t65 t63-59 oLL-t 
101 t 100 c98 

96-94 : SJjVl oLI^p 

97 t96 1 94 : i^Ul ^S/l oLl^p 

65 : frLJl oLl** 

119 : oUij ( _ 5 1p LjJcJI oLJu^ 

345 : o^UliJl oLl^p 

t 279 t273 1 115 :^^JloLJuo_p 
c337 c331 c316 t296 t284 
t470 t469 c461 t460 t457 
921 t 629 t553 

273 \ 

273 ; J j .,^->c-<Jl _ 

791 : oIjJcJI ixijJl ^>J^Jl oLJu^- 

791 ! j^ju^-^JI j^J><^}\ cjLJ^p 

65 : ^Jl^JI oUu-c- 

"I" 

905 :iLyJl 
778 :SJjVl iL>Jl 
778 : i^li)! iLyJl 
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870 : ^ jJ^I ^L^Ml ^li 
98 : u J^y \ ~<f-j*» (j»U> 
174 : »• j../?Jl 4^*5 (j^Li 
883 : l^UJl iy, ^li 
431 : 4™i^Jl 4^_JiJl 
353 



939 - rr ^r nJl^l* 

492 

591 :l^iJ ililjlS 

29 : (1986) ^ SJjlS 

67 : <La _jj »><Jl olol£!l 

t79 1 66 : ijj^.^Jl <L~>Jl oLiL^Jl 

655 

93 : LSI jj^ SJl 4i^>-Jl ohsl&l 

774 : iijJiLJl 4j j^j>^JI oLjLSGI 

85 : iJl j^Jl \ j^^Jl olol£Jl 

c 33 c27 t25 :bljjiJjL*JlobJlSC]| 
805 t 785 c49 c47 ;36 c35 

1069 :^LJl c~£l 

774 : iJLJl 4jj~>JI ikSOl 

433 t 426 : aJj-^JI isli£)l 

331 : p^Jl J^J 

407 : Lil ^^Uj^Jl 

406 : lijjSSl lil >jJU j / 



158 c 157 : Jl5 oLL-jiJl 

85 

889 : O^jj i^yjyjJ* 

663 : ( _ 5 Lj t Oj j*& 
43 : ^xiUl l-jL^JMI jJ 
161 : L™5'LiJl 
t43 : i_™^LJl ic-LuJl 

874 

862 t860 c 859 :\y^\ oLj^il 

716 : JjJl ^^i*^ J~c* 
*• 

- O - 

0 jjl jJL«Jl 4-jjL>tJLJl il j_«_ll i jJ? <L«jLi 

804 i^ujjjVl 
350 : jLiiVl 5JL.LS 
804 : LLJl jIj^JL j»i^dl j _^IS 
385 : jLj^JJ ^ jb j y\l 

381 ! ^j~S y~>^t Ojjli 

349 : dii j _^L5 

664 : ^ j 

170 : 4jj-a=JI oUjjj^l ^Jai 

156 :DNA Jl ob^ ^Jai 

385 : j^-jj 

481 : aJT JlpI_jS 

54 : L5lj jJl ol« jL«^Jl JlpI J 

1 113 : ^JlpLL^JI jw^LjJI .sL^Jl ^LS 

116 
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183 : JiUl vjj^l 
688 ^j^j&l 
688 : ^5 1 j^Jl of yj> _^Jl 
634 : jMj jSS\ 
761-759 lol^-j^sai 
508 lA^Ujj^fl ^U^JI 
557 1 60 1 59 Iajj-sJI ^U^JI 
49 : JpIjjJI ,Li 

1025 
- J - 

37 : (ACNEP) SJbJU>Jl oUSCJl j 

848 : (1951) ^-UJ 

848 : (1958) ^-UJ 

: (1958) ojjJI ^>JI ^j^i ^LLl 

849 

479 t J 

629 t628 : ^^^UJl SjL 
337 : oLJaiil LL-.L 

390 VI j-b^jl <^LliJl c ' 1 JP^Ji 

134 c 122 c 121 : JiLL>JVl 
134 c 121 Js.- 
134 c 121 :~K^JA\ Jlp_ 



407 : aJsJJI Lil j 

'. JljjIj J ./? ill Lil ji- _jjLj 

413 

232 '. 6 ^-*j>cjl a j-*^ j-fl j j5" 

258 

144 : L ^Jl j-aj jS" 

1 188 1 187 1 149 1 147 (.86 \coli 
847 1 571 t 558 t 258 

E. coli j jJ jJLil L j-iS\j » ^S _ 
152 : JLp ^11 

183 

453 

807 ; . i^j ^tjjz? <■ ^ 
449 : £>>JI L_™iai 
162 i^UdMl S^L45 
383 : ^ijJl ^5 
1025 :dL> tilj!>tf 
468 : JJuUl k-ilS 



■cr 

470 : J^JI tils' 
68 ij^Sjl^l 
498 t 209 1 54 : ^^KJl 
238 ^jlS 
193 : AJlj-ijJl t _jKJl 
591 ; jLji™j^ r S' t kiL^o^S' 
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384 c 383 

329 ; jIp oU-i y 



329 :*LU 

857 ! jJ 
857 : ^LUl f-UaJl ^l^Jl 

952 : jj—^jLJl ^y> y> 
843 ; ojJloL™jj ^iCJl i_ i _^5L>- ( j^> y> 

874 : jliVl 
78 t76 t75 «.71 :A^ J-i-Vl <_»S> 
905 : I jjjiiJl ^5 y. 
628 ; <La jjJl Uy>Jl oLS j» 
690 : SjLkil i ir Jz*]\ oL5 y 
843 : ^Juj oUAM y> 



326 : j ^\s>cS\ 
341 t 340 : \-^>^\ o%.UJl £j 
902 : ^jjj-aII ajJuVJI iJli ajjJl^^j 
878 t870 : iJlj-Jl L^UJl £j 
769 t765 :SQJlJ| ixiaJl 9j 
319 : aj^^JI obl^Jl 
847 : 4jjii-Jl oLJi!l i^jy 

t921 c 897 : VW^ 1 ^.j-^ 1 ^Jj-^ 1 
937 t926 

847 : ol jJL^Jl i^jy 



134 c 121 : jy^Jl Jlp_ 
134 1 121 i^j^uJI Jlp_ 
121 i^jjJ^I^- 
139 : dLoLo y, ^iJI 
443 ; ajj^j>JI oL™^ujI 

433 :i>j~-Jl 
1035 :oLwuJl 
721 : jUl^M Lo oUaJU 

45 ! ( j^**J>tXJl C->lj-Jta 

27 t26 :DNA Jl oLy 
436 i^yLkll JJ^I ^=~> 

251 : JjjJjJI olS y>^Jl 

252 : ojji^oJl oLS" yt*Jl 
966 i960 t950 : t_^>Jl ji^^Jl 

980 :SJb-l jJl 
373 :^^JI 

580 



246 



SJL>- 



381 '. ioJjJl oL« y 

463 t384 

692 : i>j~>Jl oUtJi j^Jl 

1 668 : <l1_^JijJ| 4jj_^>J| oL>c_Ji—oJl 

694 
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714 : oLJu™Jl __ : F68 dLJ jjjJu cg ^k...Jl ^"yJl Jjj^ 

■ 714 : oLl^^^jJI i . ... II— 884 

719 c 718 1004:^.UI 

531 : j^JL^Jl j^jUJl 10 04 : ^j-^Jl ^Ul 

274 : JjT^JI i^l oM^UJl 1012 . y^u^j^i oLjJl 

599 : JL^iJl j^UJl 1013 1 1011 :^^UJI o%Ul 

704 : Uj^Jl oUJl ^JLm 2 46 : ^>J| jL™Jl 

.665 : ^^Jl ^i^Jl ol^. ^>JL^. 171 . ^Ua-Vl oljL^ 

678 c 668 c 666 . , . . 

1011 : <UjsjJI oLL>cX™*JI 

54 : J»UJl ( _ s ^j>Jl ^™Jl 

: ^LxJl JuLScJl JL&l&l >™JI 



672 1 670 : SJl ys">Ul ^Jb^Jl _ 
672 : JLjI j_gJl i>Jl>oJl _ 
374 1 371 : ^^^Jl Ji— I oUJU^i 449 



701 : ^JjJl ^ i-^jJl i*Jl*Jl 101 t78 • j^j ^±^ y ys 

291 :£U*Jl J*Lw 530 : jj^^Ji 

400 : J^!l J^l~ 245 : ^UiJl J^Jl 

757 -.^{jj^Uy^ t72 o c 712 .498 : obUiJl 

117 : ij^l ikSGl J_^- J^l*-* 743 

283 : J_^^l J-lc. 735 .715 

335 : ^jljaJl JiJl J-U- 716 : G 




351 : J>.U>. 
135 1 128 : tS o">UL«^ 
361 i^y^^Jl JKJI JiiJl o%.L^ 

-1062 .812 :(ELISAs) (HL }JVL 723 - ^^jj^ 



716 :v, 
723 .722 :oLJ^L-l ^dl 
724 : ( j^_ ? LiJl__ 
727 '. cjLl^I j^- _^~-> j^«Jl 



1064 714 i713 :<.l^V-liaobUi._ 
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924 : ocJs 55 ^>Jl 
669 : ^LuJl tij-^l JsliJl 

672 

672 : SjSl jjs>M iJUaj sLj- o^IpLLi 



999 : 



701 



999 :(S:>IjlJI> 



29 



999 : 5 ,o^™Jl LiJdl 



1 1 1 19 : JLMjJI l _ r idl »j^L« 



379 



290 : ^UJl 

291 '. ^yULsJl J j ./?■>«■«■! I j» j-£jS» 

386 : iSotSOl ^ujUla 
45 : ajj-j-JI obUAj iajU» 

249 : cDNA 
193 : LxSCJl 
215 : jJUjj t tjy£-° 
494 : i^Jl 
847 : >t y .j! 
680 : ^j^ixJl i»%Jl 
788 ; ( jAoj>JI 4jjL» 



294 t293 lipljjJl 

805 iSJl^I 

758 ! j-^-^S" j^/l J j->tJ (Jj^-a 

305 : i^Li^Jl Jjuw 

305 : ^jjJl i^ja^jiiJl Jjjw 

473 : Jl^IjJI jjsUJI Jjuw 

352 Jjbw 

301 : oUiJl .k*^ JpLL. 

t308 : j»l*Js>i-ol*-s-LJl J^oJj J^LL* 

311 

t 328 c 317 «.316 : ^j-^l J_pLLJI 
922 t487 c 331 

1 3 1 6 : oIpULsJI SJu>-p! o*>ls-Li>i_ 
354 t 320 

924 t606 t487 ;356 (.317 c 316 

327 t326 c 317 

1 316 : ^plj-fJl ^JjJl o^ULL.- 
606 c355 t 354 t 322 c 321 

1 3 1 7 : iJL^oJl jj^Jl o">LpLLi _ 

324 t 323 

1 3 1 7 ; 3j-ij>t^Jl jj^Jl o">l^-li>j _ 

325 

924 
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378 : tijS^Jl ifJ 
696 : L> cj j-SvJl 
249 : ^— J 
439 : LJLJL>«; L^UJl *ULu.l ^Uk; 
355 i^.LuJl jL^Jl aI& 
181 : «Z iW» o <»Ui: 
132 1 129 : L~£p jj^J)ll Jil aU^ 
1010 ijJaLJl ^.jjkll jji 
1017 : j>Jl UvJl -2bjUJl jJiJ 
980 : oL^'Vl Sjjucu jJiJ 

151 : jip^l JJiJ 

347 : jljtVl ^ J2J 

332 i^jl^Jl JJU 

54 : v—^' ijP-UJl l/>UJl J5j 

348 : j>JI j>Jl Ji-b JiJ 

348 : UJJI JU 

t 364 t346 t 345 t 343 : Jc^Jl JiJ 

367 

: <Li .,/? II oL~j>JI Jlp-Ij ( _ ? 1^SsJI JJiJ 

361 

354 

360 

278 \ 4^)L«w>tJl j-^>j>ciJl ^SLdj 
278 : jUi^l p-i^l- 



: <LjJLJI JjLLo <LaJ-=-Jl J-;LL» ^jJll«J| 

520 

355 : J^UaJl iijaXa 
41 : ojUJl idiji 

458 : J ji«Jl> ^-aJ Lja^i 

34 : 4~o^Jlj (JpL/aiiMl jjbcJl i*JaJJi 

805 : aJ jjJl i.JL*Vl j jjJl LJiu 

805 : 4~»Jl*Jl ^yaJl i*JaJJi 
255 

150 : ol^Jl Ji: oLSCJlSL* 
413 : ijjLbJl iS' ^juJI j j^Jl 
94 : jlLjl 
406 : j>Jl 
455 : SJjVl iljJl 
510 t 509 : i-^^l al^JI 
29 : J»l£Jl oli jI^JI 

145 : bj^SCJI ^ UljjJI jI^JI 
868 ; ^ij^^Jl jJiiJl cj j^Jl 
213 c 2 1 0 : a >j^>l jJl ^ j-" 



571 



600 t597 yr^Jl ^Mj^ 

- j - 

188 c 187 iJbU^U JiUl 
180 i^jKJl JiU 
823 iJi^Jl oUUl 
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717 '. ^t^o 3l jj 
187 : iiJbJl ioU-l Jil y 
230 c 180 :2oJL*j!>U1 J^ 1 
343 : dixA t jUj_^ 
847 : .j .1 tjLJ 
273 ; j^>- t j j~Jlo 

ft _ 

143 -.jijS 

43 : (BST) j^Jl jj^ys 

244 c 194 ^ 

787 : I^Xj* 

786 t 204 ^jjJl 

1051 : jL^JI jv^JI 

204 : ob~>Jl i^Jjj* 

c917 1 913 c588 : 5L-ajV| i--Jl^fJl 

919 

950 : <Lujj jJ| L^Jl^JI 

664 1 663 : i;^waJl i-^Jc^Jl 

957 : 4jj^j>JI oljju-toJl <L*jcjis 

955 : (J -^jVI jL~Jl i^-ujfc 

957 ! (_5 j-pJl ygaxil oljL~a <Lo~Ua 

1 54 1 50 c38 t 28 : LJIjjJl ^L-ju^JI 
t261 c215 c 155 t 154 t57 c56 
1051 t780 c733 t556 



278 '. ^ j*J*}\ ^jij^j _ 

278 : (_£ jjiJl ^-i _3_<>jJl _ 

277 : •LS' yJl ijjL.^Jl ^-iL-Jl 

300 t 297 :oUiaJl .k*J 

299 t297 c 1 19 : >\A>\- oUi^ ^ 

189 : ^Uju^U « J^15» .k*J 

300 t297 : y^J>\ -k»J 

119 r^Vl^Jl 

115 : y y>J>\ oUjL$JI 

422 t 277 t 276 : a-S^JI ^oj-J 

1 286 1 285 : i (jjJ : ./> ll ^-i j^J 

288 

288 '. ^j^y^i j£ j-gj 

764 ! c-o j-o ^sSsj] j-oj 

276 : <j> J^LL<Jl j^J 

c305 c290-288 c286 : 

755 t 752 

422 ■.<s r jud\ 

188 c 187 : JbL^U JiUl 

603 ij-rj jxJl 

665 : ik^Jl «L*JI 

622 : ^ jJb^Jl *UaJ 

648 : jL^Vl iki 

914 

914 : 
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1035 1 1034 : l_^™JI cisLtj 
512 :(2003) Jjpi^odlSlij 

c516 t208 t46 c 39 : (FDA) 

805 

843 :iJa)l 
37 : ajJLpMI (j-^^ij iJLSj 
516 : iojjjSfl ^JJI *-Jfc)l iil5j 
805 : ixJl ^Lj>. ills j 



(1997) Jj^ 



511 

143 :JJI ioLj 
627 : Lr ^ r <.jij 
850 ; . r t 



889 • i> "C* 1 ^ *- rii * 

711 : . ( _y>- dJbjjJ tiJjj> 

99 : oU^Vl 
36 :(jjJ) 
42 c41 >IJJJI 

4_^p|jJ_Jl 4jj_^>J| ijLiJJ oJ_>j-«Jl 4t , g 1| 

33 : (bxS) i^L^I j 



84 7 : -^r • sr 
— J - 

906 :^jjJl Ja- jJl 

371 ! ( j-suLft> y>- c ^pi-^j 

246 1 173 c 172 : jyjL- 

198 1 197 :oyj_yl^j 
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aUlj}J f lj~i,.ij UjAOl^ u^fAttl DNA aljlai ^. 

Jiinii il* Jljtftj Jjjj-JI aljLhil ^iJl ^> tljj>l 
lijLii ^h;r. J^nal iuif J jjji j^V t^U.)Lt [ju 

^ JS j ji-U 1 Ijjj-JI ULiaJI L) J ubS f_«j 

U*L£ tj^uA £*!*}J -^jj^ — 11 dljj^^jall LjApjJj^Jl 

Sl-Qjl .SjLII 0_la jjjLi ^i-ijiJ U*l& UuT jijjj 



3; I'l -"j J;,'-" Ojlj^j jijl 4yi»L V Ll£JI lid 

)m1 L u.j^-UI l^^f-JI JJLiHI ILul tfc-LjUj jJ^t 
.»J-UI JSUll .Ji I— U. - Vuyl fjUl 

jUll JL. JtL» j-i^ .{F£jj-UI *r li^LUI UL2LU l^JjVl 

ImiUjIj jji i L FACS clj .LJI jj_J 

Ul .^j*. Bngenel C Pty %. i»L .» jji>I 
t>* o-A ■t'Jii i" 1 * '(^jfe) »lj>^J JM 




•Wl .1 
JUlJi^D .2 
.WlCj^ji .3 

jjun .4 

oijeWij 'tun -8 
au>n .9 

luiUl Jljri .10 
Uul .11 



ia^>lU i||>Al1 l^blsil WCSIw^fM^ 



